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STRACT 


The object of this work was to investigate the effects 
of a hydrofoil lecated at the stern of 4 high-speed surface 
vessel. Damping out of the first hump in the stern wave 
train of the vessel appears to be possible by the use of a 
properly positioned hycrofoil having correct cimensions. 
Hence, in particular, this thesis wes directed toward 
establishing the effects on total resistance coefficient 
which resulted from varying hydrofoil chore length, lengi- 
tutinal position, angle of attack, and depth of submergence, 


The vessel tested with stern hydrofails was a rodei 
of a fine~lined, transom—stern, destroyer tyne ship. To 
this model were attached hydrofoils whose basic shape 
corresponded to N,A,C.A- Feil No. 63,-618. The chord 
length of this standard shape wes vatiod S$ 2s to produce 
@ family of five similar hydroefoils. For each of these 
hydrofoils the optimum lengitudinal position and angle of 
attack was determined, For the smallest cherd length 
hydrofoil the effect of depth of submergence wes evaluated. 
Finally, with each foil at its optimum positicn, the effect 
on the model's total resistance coefficient was established, 


As an indicetion of the results te be achieved with 
how hydrofoils on this particular vessel, the final stages 
of the investigetion were devoted to determining the proper 

osition for a bow hydrofoil, The effects produced | 
ledéting the hydrefoil at that oosition were then evalueted, 


It was found that for the particular vessel under 
consideration no reduction in total resistance coefficient 
by use of stern hydrefeils was possible. Additionally, 
it further appeared that bow hydrofoils would cause no 
improvement in total resistance cheracteristics for this 
vessel, 
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The presence of stern hydrofoils of varying 
chord length was consistently deletericus, hence the 
apparent eptimum position and chord length were eptinum 
only in thet they caused the least increase in total 
resistance coefficient. The optimum (LBP)/(chord length) 
ratio was found to be 25.99. The optimum longitudinal 
position wes 1.0115 x (LBP) aft of the forward per- 
pendicular. The optimum (cut away angle)/(angle of 
attack) ratio was () 13. The optimum depth af sub- 
mergence was one chord length. 


The conclusicn ¢rawn from this work is that the 
application of stern hydrofoils to very fine-lined 
hull forms will result in no reduction of stern wave 
making resistance. Additionally, the presence of a 
bow hydrofoil beneath a bulbous type bow appears to 
result in ao reduction of bow wave making resistance 
for the hwll form that wes investigated, 


In order to verify the conclusion reached as to 
the effect of hull form on the results caused by stern 
hydrofoils, it is recommended thet a full~bodied model 
having the same displacement and wetted surface as that 
tested in this thesis be built. Then, to this new model 
apply the same family of stern hydrofeils in order te 
determine if e beneficial result cen be achieved on 
fuller hull forms, 


Thesis Supervisor: Martin A. Abkowitz 


Titles Assistant Professor of Naval Architecture 
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I. JINTRODUCTION 


1. Resistance Theory. 


Any bedy meving through water will encounter @ 
resistance to its motion. in the cese of a body only 
partially submerged in water, this resistance is mede 


up of three components which ares 


l. Frictional resistance 
? 


» Eédy or form resistance, 


3. Wave meking resistance. 


Frictional resistence is a function of the vis= 
cesity of the medium, while the wave making resistance 
is indesendent of viscosity. Ecdy or form resistance 
was long considered to be independent of viecosity alsog 
however, present-day investigators") have esteblished 
that the form resistance should preperly be grouped with 
the frictional resistance, since they are both deprndent 
on the viscosity of the water. Therefore, they are 
functions of Reynolds! number, while the wave making 


resistance is considered to be a function of Froude!s 
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number, V//gL. Now a consideretion of the sesigtence 
characteristics of ship=shaped bodi s in general indl- 
cates that st low values of Frouce's number V//cL, ox 
$peed-length ratio V//L, the major percentage of a 
vesselts total resistance is dum to triection, However, 
when the value of the speed—length ratio inereases to 
unity and greeter, the wave making resistance shows a 
sharp increase while the frictional resistance tends 
to decrezese, This increase in weve making resistance 
at the high speed-length ratios is of considerzble 
significance, for it represents an ever increasing 
power that must be built into any ship that will be 
driven at high speeds, Cuite obviously, it would be 
te the designer's advantage if he could achieve a re- 
Guction in this high speed wave making resistance by 
Some means which were less costly then the propulsion 
equipment necessary to achieve the added high speed. 
With this thought in mind, it then follows that it 
might be possible to employ seme device wi:ich would 
reduce the wave making resistance to adearee signi- 
ficantly greater then the expected increase in the 


fricticnel and eddy resistances due to the cevice, 


ee Shio Wave Gheracteristics 
The fact that ships do create waves as they move 
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throuen water is universally realized, but wnat is not 
so widely knewn is the fact that these waves are really 
the resultant of two families of weves, The bow and 
stern of any ship underway are traveling disturbances, 
and «s such they each cause to be formed a wave family 
which consists of a diverging system ond a transverse 
system. (See Fig. I.) To Lord Kelvin credit is 

given for a mathematical soluticn which defines this 
transverse-diverging wave group in terms of an ideal 
preblem. There are some variations from actuality in 
the classic Kelvin solution, but these are to be ex- 
pected since Kelvin considers the disturbance as being 
Cue to forces at one single point, whereas for a ship 
the disturbing forces are Spread over the hull, It is 
to be noted that these two families of waves will change 
their basic properties of amplitude and wave length as 
the speed of the ship varies. As the speed increases, 
the transverse components of each family tend.to increase 
in wave length, 

Now in examinetion of wave making resistance versus 
speed-length ratio curves, it is customary to find tnat 
these curves are characterized by distinct hollows and 
humps. These hollows and humps ere explained by the 
fact thet the bow and stern transverse waves have come 


into eceincidence either in phase so as to result in more 
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FIGURE I . 


KELVIN WAVE GROUP & SHIP WAVE TRAINS 





CRESTS OF A KELVIN WAVE GROUP GAUSED BY A_ TRAVELLING 
DISTURBANCE AT O. 


A 


YY) / 


BOW AND STERN WAVE SYSTEMS SHOWING DIVERGENT AND TRANSVERSE 
CREST GROUPS . 
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resistance (hence a hump), or out of phese so os te 
result in less resistance (hence a hollow). Perhans 
this phenomena is better explained by eucting the words 
of Prof, K.S.M, bavidson ‘*) 
f..0o Now the residual resistance is simply 
the excess of the sum of the aftward-acting 
components of the normal pressure forces on 
the fore body over the sum of the forward 
acting Ccamponents on the after body. The 
pressures themselves tend to be high when 
the surface levels are high, end low when 
tne surface levels are low, Thus the humps 
anc hellows are accounted for, qualitatively, 
by the effect of the wave train initiated 
at the bow on the surface levels around 
the stern." (See Figs Ti.) 
From the standpoint of reduction of wave making 
resistance, the essence of what has just been stated 
is thiss if a secondary wave system is imposed upon 
& orimary system so that the two systems are out of 
phase by 180 degrees, there will be a reduction in the 
amplitude of the primary system. This reduction can 
theoretically be a complete reduction tc 4a zere level 
ef disturbance if the amplitude of the see ndary system 
and its other wave characteristics ere the same as those 
of the primary. Assuming that the primary system can be 
reduced or eliminated by some cevice, it would appear 
thet a reduction in wave making resistance would result. 
But now, the problem has been simplified to that of 


finding a device which is capable of producing a con- 
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BOW-STERN WAVE INTERFERENCE 





INITIAL STERN HOLLOW 


leat WAVE ALONE 


—— STERN WAVE ALONE 


INITIAL BOW CREST 





ACTUAL COMBINED WAVE 


QA. EFFECTS OF BOW & STERN WAVE COINCIDENCE . 


RESISTANCE 


RESIDUAL 





SPEED LENGTH RATIO 


QB. CORRELATION BETWEEN WAVE PROFILES & SHAPE 
OF RESIDUAL RESISTANCE CURVE . 
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troliable seconcary wave cisturbence., such @ devite 
might oetsibly be a hycrefeil, and so let us examine 


the properties of a hydrofoil, 


30 Properties of a Hydzofoil 


In addition to the lift and drag charecteristics 
possessed by these underwater wings, or hydrofoils, 
there is a thiza characteristic of particuler note, 
Hydrofcils will cause a wave-like disturbance to be 
set up on the free surfece of the water, Keldysch 
and Lavrentiey \») (4) in 1934 arrived at a two- 
Cimensional treatment of the problem in which they 
considered the hydrofoil as being a bound vortex, 
They propesed the following expression which indi- 
cated the wave ordinate, y, that exists at a distance 
x aft of the beund vertex (whese strength is T) when 
the vortex is at submergence h in a free Stream velocity 


of V fpse 


foe 
y = =F |e oe | sin -: (1) 


In practice, this has been found to be a good approxi- 
mation tc the surface for distances of one-quarter wave 
length or more behind the oan 2), The facet that it is 
an approximation thovgh is easily understood, for when 


we consider the hydrofoil from a three-dimensicnal 
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Stancpcint we necessarily introduce the effects of 
trailing vertices. These vorticee will produce trens- 
verse waves which are noted by the esresence of "“rooeter- 
tails" in the weke of the foil, 

Now, returning to our original prepoeteal to employ 
Some device which would be able to lessen wavendking 
resistance, it would @ppear that & properly positioned 
nydrofoil adjusted so that it produced high circulation, 
T, would be an answer to thie quest. Accordingly, whet 


has been described before in this Introductisn will now 





serve to explain the reasons behind the investigations 


and proposals that will next be menticned. 





2S Ga. (esbuto une of MLD, hydrofoil 


This thesis is essentially one more step in a series 
of investigstions at the M,I,T. Ship Model Towing Tank 
into the use ef properly placed hydrofoils as wevenaking 
reduction devices, 5) 

The first investigations were conducted by J.R. 
Pauiling, jr, 6) anc Henry Kozlowski 7? in 1952, In 
the subsequent yeer of 1953, A.L. Beal and Abrahem 
Zakay**? continued Mr. Pavlling's investigetions, Also 
in 1953, C.E. Jones and Whe Brooks \?) carried out en 
investigation tea determine the nature ef the surface 


waves generated by submerged hydrofoils, 


~Bee 





ee atoet 
1@ 249 weeMetir Vkreeeeee om fiewiinas 
Pan ap oeche:~ yar vias doer ie 
tee eau? oOmeae me ye mew Ye! 6 ©1 Geyre co ccer 
— ae “urn 
Sher 

* aloo . 

ah SVE oe | 









PUseNTES bb 6) ful 
iC ees 


tes taceroreat Sel 
th SU paeatgos pyre tom (AP ~ 
~~ rt 
Monee a gel woe 
7 bairees enon 
ee ae 


elAtabdl bade V9 Were ory em 


>. 


















Messrs. Pawlling, Beal, anc Zakay heve ehbwn 
that a reduction in wavemakina resistance can be achieved 
by the use of bow hydrofoils of preper design. Mr. Koz- 
lowski in the final stages of his investiqative work 
ebtained results thet indicated that horizontally placed 
stern hydrofeils also could bring about a reducticn in 


wave making resistance, 


Latentlons of This Investigation 


This investigation serves te continue Mr, Kozlowkils 
work with ea more detailed analysis of stern hydrofeils. 
In particular it was decided that the effects of varying 
the hydrefoil chord length, engle of attiack, depth of 
submergence and fere-and-aft position would be investi- 
gated, in order to shorten the testing schedule so that 
it could be completed in the available time, it wes 
further decided to investigate the effects of the stern 
hydrofoil at only two ship-speed renges, namely, 15 knots 
and 32 knots, These, of course, were the most significant 
Speeds since they represented the cruising and full pewer 
Speeds of the actual vessel, if a Significant reduction 
in wave meking resistance could be echieved in either or 
poth of these rences, then there would be justification 
for GonSideration of the hydrofoilts effect over the 


entire speed range, With these thoughts in mind, let us 
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next consider the equipment thet was employed in this 


investigation, 


Description of Equipment 
l. Ship Mocel 


The selection of the mocel te be tested required 
that careful attention be paid to the limitations on 
model size brought about by the physical dimensions of 
the M,I.1}. Towing Tank, which was to be the location of 
testing. Kr. Kezlowski in his work had employed a model 
af a destroyer type vessel whose length was 5.5 feet. 

In order to reach the designed 1,82 speed-length ratio 
of the ship, he found it necessary to drive the model 

to a speed of 4.26 knots, At this high speed he found 
that the model was very ilable to yaw, and thet the runs 
were @f such short duration thet meny runs hac to be re- 
peated in order to be certain ef the relisbility of the 
readings, 

It was therefore cleer that a smaller mocel than 
that employed by Mr. Kozlowski was needed. Accordingly, 
arrangements were made with the David W. Taylor Medel 
Basin tor the loan of é@ suitable model. The model re- 
ceived was thet of a fine lined, transom—-stern, anti- 


submarine=warfare type vessel, The designed speed 
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length ratio of the ship was 1.403 whicn necessitated 
Griving the 4.333 ft. medel to only & speed of «<.920 
knots when considering the 32 knot speed range of the 
full size ship, Full cetails cf this model will be 
found in Appendix A, and s photograph of it may be seen 


in Figure III, 


2, Model Towina Bracket. (see Fig. IV.) 


Upon receipt of the 4.333 foot medel from the 
David Tayler Model Basin, it wes clear thet the very 
light weight of the model (7.63 pounds) and its very 
marrow beam (0.4461) would possibly cause stability 
problems curing towing. The conventional towing 
bracket used at the M,I.T, Towing Tank is designed for 
madels of £5 pounds or more in weight, These heavier 
models make it quite accentable to add a herizontal, 
hollow, aluminum bar et the upper ends of the towing 
arms, in which is carried a spring loaded mechanism for 
adjusting towing cable tensicn te five pounds. However, 
fer this lighter 7.63 pound medel it was indicated thet 
a soecial lichtweight tewing bracket was necessary s¢ 
as to quard egainst possible capsizing of the model, 

The possibility of capsizing was due to the high 
weight of the tension adjusting rod, hence elimination 


of this danger called for eliminetion of the tension 
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djusting device. It was with sone misgivings thet the 
decision te eliminate this device was mice, The applied 
tewing force for any given run must be corrected for the 
frictional resistance introduced by the dynamometer system. 
In order to evaluate the magnitude of this frictional 
resistance it is necessary te maintain a constant static 
tension in the towing cable, Of course, this tension 
could be varied, but it is the prectice to maintain it 
at five pounds, The alternative thet had to be accepted 
was to first set the towing cable tensicn at five pounds 
by meens of the tensicn-setting soring-loaded aluminum 
bar which had been separated from its associated com- 
ponents, When this had been done, a length of very fine 
bronze wire of low ductility and low elasticity was 
passed in between the two ends of the towing cable 
(which were attached to the tensicn-setting device). 
This wire was then adjusted in lenath so that it exactly 
equalled the distance between the connecting pcints on 
the tension-setting device, Thereafter, the five sound 
pull was twansferred to the bronze wire, the tension 
setting device was slackened, and then finally removed. 

As regards the ectual towing arms, they were con= 

structed of #-inch sheet balsa wood, They were similar 
to a T-type stiffener in cross section, and were attached 


to the mocel by means of aluminum bearing rings which 
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fitted over a plexiglass shaft. Thies shaft in turn was 
rigidly attached to the wodel by aluminum angl® pieces, 
As can be inferred from this deseription, every effort 
was made to keep the towing bracket as light 46 possible, 
but still of adequate strength, Detseils of this arrange+ 


ment may be seen most clearly in Figure IV. 


3. Hydrofeils. (see Fig. V.) 


In the original conception of this thesis it had 
been intendeé that before any attempts were made to 
select a suitable hydrofoil shape there would be a de- 
tailed photographic analysis made of the stern wave 
characteristics of the model, From this analysis it 
would have been possible to have determined the wave 
ordinstes, y, that were to be cancelled by the secondary 
wave disturbance created by the submerged hydrofoil. 
Consideration of the Keldysch-Lavrentiey formula, 


1 
a 


o 


y = aot f . | sin |S | (1) 


will indicate that if we hed such wave ordinates, we 
could substitute their values (with negative algebraic 
Signs) into this formwla, Then, for given x values 
and h vélues of the hydrofoil, and at a given speed 


range V, we could determine the necessary value of 
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circulation, T, thet would have to exist to satisfy the 
ecuation, 
Now for an air foil, or hydrofcil, the circulation 


around the foil is defined bys 619) 
r+iG ye (2) 


This expression indicates thet for 2 given approach 
velocity, Use the preduced circulation, T, is directly 
prepertional to the coefficient of lift, C,, end the 
foil chord length, c. 


If circulation wes the only cheracteristic 
affected by changes in the coefficient of lift end the 
chowd length, the problem would be much simplified, 
However it must be realized thet there are two additional 
foil charecteristics that will be affected by eny change 
in ©, or Ce when CG, is increased, there is generally an 
increase in the coefficient of drag, Crs of the foil, 
This infers an increased form resistence, Additionally, 
as the chord of the foil is increased, the wetted sur~ 
face of the hydrefeil is increased, and this infers an 
increased frictional resistance, Hence ¢ciscrimination 
must be exercised in a selection of C, and ¢ that are 
to preduce the required circulation, 

Now if it h@@d been possible to photographically 


determine the wave ordinates, an enalysis could heve 
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been made to have determined the optimum values of Cr 
and c by the use of the Keldysch-Lavrentiev formula, 
tiowever, other conditions forced this photographic 
anélysis to be omitted. Originally, arrangements had 
been made with the Slean Automotive Laboratory machine 
shop to machine cut the desired hydrofeils during the 
last pert of March 1954. This schedule would have ver- 
mitted a nohotegraphi¢c analysis, Instead, the machine 
shop found that it was faced with a high priority block 
ef machining work thet woulae be at its peak just when 
the original schecule had called for the hydrofcils to 
be cut. Hence, the photographic enalysis had to be 
omitted, for the sake of obtaining the services of the 
special foil cutting machine. 

Lacking a photegranhic analysis, sowe other 
rational methods hed to be devised so a&$ to form a basis 
on which to determine the hydrofoil cross-section, spen, 
chords, and tip shépe. 

The hydrofoil cress-secticn selected was based upon 
a careful consideration of the lift-dreg cheracteristics 
ef the many standard N.A.C,A, sections described in re~ 
ference (11). What was moct wanted in the foils con- 
sidered ~és a high lift to drag ratio es the angle of 
attack of the feil increased, Approximately eight 


different foils were found to be outstanding in this 
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property and a selecticn of any one from among thie 
grou» was based on very small differences thet might 
easily be considered arbitrary, It is quite possible 
that the foil shape selected was not the best shape, 
and thet some other shape might have been better, but 
it is believee that the differences would have been 
Slight. WN.A,C.A. section 62-618 wes therefore 
Selected for this investigation, A list of the other 
possible feils will be found in Appendix B. 

The decision as te the span dimension of the foil 
was coerced by the need for control over the number of 
variables that were to be considered. Under the dis- 
as of This Inve 


it has already been mentioned that hydrofoil chord 


cussion devoted to intent 





length, angle of attack, depth of submergence, and 
fore~and-aft position were the variables under con~ 
Sideration. It was felt that these were the most im- 
portant variables and thet span length sheuld be kent 
constant at a value equal to that of the model's greatest 
beam, that is, 0.446 ft. 

As regards chord lengths for the hy rofoeil, it 
was the original intention in this investigation that 
a family of hydrofeils should be tested, This family 
was to be of the same basic shape (for example, N.A.C VAs 
634-618) and was te have a constant span of 0,446 ft. 


However, the chord length was te be varied. Since 
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ir. Kozlowski had employed a foil whose L.B.Ps/chord 
length ratio wes 24 to l, it wes felt that a family of 
five foils which bracketed this ratio would give reason- 
éble assurence of success, Accordingly, a family of 
foils having chords of 3 inches, 2.3 inches, 2 inches, 
1e5 inches, and 1 inch was decided upon, 

Before leaving the discussion of the hydrofoils 
it should be stated that it was pursosely decided to 
leave the tip edges of the felis blunt and squere. It 
wes realized that additional form dreg losses, as tip 
vortices, would results however, the foils had been 
machine cut, and hence were es nearly similar as possible, 
Any tapering of the tips would have been done by hand, 
and since dissimilarity es well as danger of breakage 
would result, it was decided net to alter the tips. 
Adeitionelly, the foils were cut from mahogany, and 
$90 a@ thinning of the tins would héeve increased the 
chances of warpage while the foils were submerged. 
In Appendix C will be feund additienal details on the 
NACA, 634-618 shape thet was employed. 


he Wyarete}. Supeerk Revise and zack 


The design of the hydrofoil support device had 
te meet three requirements. It h-d te be of minimum 


weight, had to insure close positioning accuracy, and 
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most of all, had to be simple in operation. These 
aims were guite well met in every respect. The support 
device was of aluminum and lightness wee further achieved 
by liberal use of lightening heles. The positioning track 
upen which the suppo:t device rode wes merely a ciece of 
1 inch wide sail track as uted on sail boats. This piece 
of track wes considerably lightened by removing the 
entire central web of the track with a milling machine. 
Additionally, the riding lips of the track were lightened 
by lightening holes, 

To facilitate tne setting of the hydrofoil support 
device in different positions relative to the After 
Perpencicular of the model, 4 plastic strip of 1/16- 


hs of a foot was ine 


inch thickness ruled off in 10° 
serted between the lions of the sositioning track, The 
rule's A.P, index, was affset three .warters of an inch 
aft of the A,P. Se as to coincide with the index mark on 
the suppert device which was three querters of an inch 

aft of the support point on the foil, Next, it should 

be mentisned that the foil suprert point was at a position 
en the foil mean Line a distance of 25% of the chord aft 


of the leading edge. (see Appendix C). 


5. Revjess for Setting Angles of Attack on Folls 


see Fig. VII 


A descrintion of the ecuipment used in this thesis 
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must include those devices used tor cetting tengles of 
atteck on the foils. Perhaps an enumeraticn of how 

&€ given angle of atteck is set is the best way to 
oresent the cescrintion, 

A smell vise was first secured to a table, and 
then in the jaws of the vise was set a wooden block 
to which hed been secured a smell length o1 1l<-inch 
$2aii track. By means of a spirit lewel, this block 
was levelled, with the track in an inverted position, 
Thereafter, the foil support device was attached to 
the track. 

Next, a foil was screwed into position between 
the aims of the supeert device. Then, in order to 
set a given angle of attack, a previsusly prepared 
declivity boatd was set upon the lower face of the 
foil which was actually in an uppermost position. 

The spirit level was next set upon this declivity 
beard, and the foil was rotated until the spirit 

level became level, indicating thet the desired angle 
was set, The one disadvantage of this method was that 
it necessitated removal of the foil and foil support 
device from the model if it was desired to check the 
setting between runs. It wae found thet eecurate 

and constant fixation of the foil was definitely 
acnieveds however, the author must concede that even 


more accurate and more Simple meens of setting angles 
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Il. PPo¢ E 


The INTMODUCTION to this thesis has indicated that 
for a family of five hydrefoils, ell of the same basic 
Shape, en investigation was rade to determine what 
effects on total resistance were realized when these 
foils were mounted aft on @ itine-lined transom—stexrn 
model. Additionally, it »as stated that only model 
speeds corresponding to 15 knots and 32 knots were 
te be considered. Fyrther, for each foil an evaluation 
was to be made of the effects on total resistance re- 
¢ulting from varying the angle of attack, longitudinal 
position, and depth of submergence, 

With the above requirements in mind a procedure 
was therefore set up which allowed sconsiceraticn of one 
variable at a time, while the remszining two variables 
were held constant. In this manner, the optinrm value 
of ene variable, corresponding to certain constant 
values of the remaining twe, was found, Thereafter, 
this optimum value of the first variable was used as 
one of the two constants, and then a second variable 
was considered until an optimum value was found for it. 
Of course, this procedure was centinued for the third 
veriable, 
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Now it is readily apparent thet this ig an iterative 
solution, and it could have been repeated any number of 
times desired, In order to carry the first solution 
through as hes been done in this thesis, it was necessary 
to conduct no less than 337 runs, so it is clear thet 
the number of variables must be limited, or the testing 
pregram will become excessively involved, 

The model speeds corresponding to 15 and 32 knots 
on the full size ship were 1.370 and 2.6920 knets, Now 
for any given positien of a foil on the model the de- 
sired data was the velue of the tetal resistances co- 
efficient at either 1.370 or 2,920 knots. This was 
most easily found by tewing the medel 2t speeds which 
bracketed these mentioned, and then pletting curves 
of C. versus speec=length ratio. The Gp value of the 
curve at the speed range being considered was then read 
directly. 

Once the value of the total resistance coefficient 
tor a given foil positien at either of the speed ranges 
was found, it next followed that a curve of Cy versus 
the veriable being considered should be plotted. From 
the shane of this curve it wes poséible te determine 
the optimum value cf the verieble for minimum C,. This 
eperoach was employed in determining both the optimun 
longitudinal position and the optimum angle of attack 


fer the 1 inch, 1.5 inch and 2 inch hydrofoils. 
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Only in the case of the l-inch icil was the depth 
of submergence allowed to vary, References (3) end (9) 
hed indicated thet the hycdrofoils should not be closer 
to the tree surface of the water than one chord length. 
Now in order tc maintain a reelistic approach to 
possible application of hydrofoils to full size vessels 
it was made a rigid stipulation that the folis should 
net be set below the base line of the model. This base 
line wes 1.761 inches below the free surface, and 
therefore oniy the 1.5 inch and 1] inch foils were of 
small enough cherd length to permit any movement between 
limits of one chord length and the bese line, Since 
the allowable downward movement of the 1,5 inch feil 
wes only 0.261 inches, it was decided to keep the depth 
of submergence constant at 1.761 inches for all foils 
except the 1 inch foili, In the case ¢f the 1 inch foil 
the depth of submergence was ezllowed to vary between 
the limits of 1 inch and 1.761 inches. 

After completion of the optimum attack angle and 
optimém longitudinal position tests in the 32 knot range 
on the 1 inch, 1.5 inch and 2 ine: stern hydrofoils, it 
became clear that no reduction in totel resistance co- 
efficient wes being achieved by the use of the stern 
hydrofoa ks. Fyxthermere, the data that had been collected 


indicated that the 2.5 inch and 3,0 inch foils would most 
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orebebly produce even worse results, hence no attempt 
“@S mace to carry out optimum ettack angle and longi- 
tudinal potiticn tests on tnese remaining foil&. In- 
Stead, on the basis of the curves elready plotted, 

their optinun sositions were estimated by extrapolation. 
They were then set at these positions and tetted in the 
32 knot renge. In the case of the 3 inch foil it was 
also tested in the 15 knet range, Full cetails of the 
series of 14 tests devoted to stern hydrofoil investi- 
gation will be found in Appendix D. 

The leck of success achieved with stern hycrofoils 
on this particular fine-lined model served to érouse 
curiosity a6 te whether er net bew hydrofeils might not 
be more successful. As a finel phase of this work, it 
was therefore decided to deternnine what results could 
be echieved by mounting the 2 inch foil an the bow of 
the model. Slight modifications te the hydrotecil support 
device in the form of lengthened support arms were 
necessary, Also, due te the sheer curve of the bow, the 
support track was mounted somewhat differently. These 
Getails will be noted in Figure VIII. 

The 2 inch bow hydret@il wes maintained at @ con 
stant depth of submergence of 1.761 inches. In the 
exact same manner es was done in the stem investigation, 
optimum longitudinal pesitie: tests were first carried 


cut follewed by optimum attack angle tests, 
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III, RESULTS 


The results cf the veri#us tests conducted on 
the family ef nydrofeils end model DIMB-DN332 are 
aresented in the form of curves, The following 
listing will serve to describe the purpese of wach 
curve ane “ill indiecste the sources of date it it is 
@ curve derived from enother curve or curves, These 
results a11 pertain to the model only, and in order 


ares 


A, bern Hyerotoils 


le Figure 1X. versus V//L for the model 
without and with sandstrios at the be- 


ginning of the testing pregram on 6 March 
1954. Also shown on this plot is a ree 
evéaluation of the mocel's sanded resistance 
at the 15 and 32 knot ranget. Thais re- 
evaluation was mace on 2 April 1954, and 

16 April 1954, and serves to indicate the 
increase in total resistance that resulted 
from severe cracking of the bottom paint 

on the model. 


Re Figure X. Ce versus V//L for the sended 
moce with bow and etern hydrofoil support 
devices attached at the 15 knot range, 
Also shown is the re~evalustion of the 
model's totel resistance coefficient 
after subsequent cracking of the bottom 
painte 
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Figure XJ. Same es Figure X abave, excipt 
that this is for the 32 knot range. 


Filoure XIE. C, versus V//L at 32 knot 
range, showing intercest curves tor the 
1 inch hydrofoil at verious positions as 
indiceted on the plet. 


E LL. Cy versus V//L at 32 knot 
renge, Ghowing interceot curves fer the 

af inch hycrofeil at verious positions 
as indicated on the plot. 








) ty. versus V//L at 32 knot 
range, shewing intercept curves for the 
209 Lach hydrofoil at various positions 
aS indicated on the clot. 





XV (at 32 knet renege) versus 

yitudinal position of hydrefoil. This 
is a ere . ee curves pertsinin 
to the ana 2,0 inch hydrefeils, 
They am "asso effect of veryling the 
hydrofeil?s yor position and 
élso show thet longitudinel pesition st 
whieh the minimum value of C.. will eceur 
for each foil at the particular attack 
angle set. Prints on these curves are 
the values of C, at the 32 knot fenge 45 
fewnd in Figqure$ “II, XIII, and XIV, 






Figure XVis Hydrefoil chord length 
versus longitudinal position of —_- 
feil for minimum at 32 knet ran 
This curve shows the variation ef +t 
optimum longitudinal pesition for a 
hycrofeil as we change the chord length. 
By extrepolation on this curve, a pre~ 
diction is mace as to the optimum 
Longitudinal pesitien for the 2.5 and 
3.0 inch hydrefoils et the 32 knet 
Fanges 





Figure XVII. CC. (at 32 knot range) 
versus “hydre foil angle ef attack, with 
hydrofeils lecated at their optimum 
longitudinal positions. This also is 

a family ef three curves pertaining to 
the 1.0, 1.5, 260 inch hydrofoils, 
These curves show the effect af varying 
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the hydrofeil's angle of atleck, and 
aiso show the angle eof attack at 

which the absolute minimum value of Cr 
will occur for each foil, As in 

Figure XV, the mows on theee curves 
are the values of C. at the 32 knot range 
as found in Figures “XII, XIII, ane’ XIV. 
It is to be noted thet each foil was 
located at its optimum longitudinal 
pogitien, hence the vaiuves of at the 
optimum angles of atteck represént the 
lowest pessible values of CG. that can 
be achieved at the 32 knot Tenge for 

the particuler foils being consideredy 





Figure AVILZ. Hydre oil chord length 
versus angie of attack ef hydrefeil 
for minimum C. et the 32 knot range. 
This eyrve shows the variation of the 
——- angie of attack for a hydre- 

feil at the 32 knet range as we change 
the cherd, By extrapolation on this 
curve, a predi ¢tion is made as te the 
eptimum angle of attack fer the 215 
and 3,0 inch hydrefeils at the 32 knot 
TanGee 


versus V//L et 32 knot 


range tor 7, and 3.0 inch hydro- 


foils Lecatec at their optimum positions. 
These optimum positions were determined 
by extrapolation in Figures AVI enc XVII. 
Also (in dashed lines) will be found ex- 
trapolated curves ef versus V/ iL for 
the 1.0, 165, ane 2,0 inch foils, These 
curves heave one known point, “~~ 32 knot 
range lowest pessibie value of Ope Their 
slope and shape is based on that indi-~ 
cated in Figures AIT, XTIL and XiV., They 
are shown merely for cemparison purposes. 


K. Chord apngen versus absolute 
mum Cy et the 32 knet range. The 

ny oe on this curve corresnond to the 

32 knot range lowest possible valves of C. 

as indiceted in Figure XIX. Correspondin 

to each cherd length, a short dashed line 

has been drawn in at the velue of which 

was to be expected due to the increased 

frictional resistance arising from the 
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added wetted surfece of the hydrofoil, 
(See Appendix E). This is the moet 
importéent curve in this the@gis and will 
be considered in come detail in the 


DI. SOUS ol OF RESULTS. 


r versus VAL at the 
knot range “ter 1.0 ane 3,0 inch 
hydro foils Located at their eptimun 
positions 26 found in the 32 knot 
range tests, This curve is intended 
to shew the rence of C. values to be 
expected in the high ¢ ehictional Te— 
sistance regions 








versus V//L at the 


2 knot range for the 1.0 inch 
hy¢rofeil st its optimum peaitieon, 
This plet shows the effect on re~- 
sistance thet results from varying 

the deoth cit submergence of the i inch 
hydrefoil. 


‘igure Ll. versus V//L at 
| : S san intercept 
curves for the 2 inch bow hydrofoil, 
at various positions as indicated on 
the slot. 


whut tle (at 32 knot range) 
versus at ecalaat petition of the 
2 inch bew hydrofoil. From this 
curve is obtained the optimum iongi- 
tudinal position for minimum ©... 
Shown ¢n the plot is the predidted 
optimum lengitedinal pesition, fee 
Appendix F for details of the basis 
for this predictien. 





igure XXV. Cy fet 32 knet renge) 
versus angle of attack for the 2 inch 
bew hydrefeil loceted at its optimum 
longitudinal position. This curve 
shows the absolute minimum velue of 

Cy that cen be achieved with the 
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Z inch bew hydrofoil, A casned line 

is alse drawn in to ¢how the inckresese 

in - thet was to be expected due to 
£ 


edde 


ricticnal resistence arising from 


an increase in wetted surface. 


The foregoing represent the grephical precentsetion 


of the findings reached in this thesis, In summary, 


tne most significant figure’ are: 


Figure xX, 


Figure XXI, 


Figure XXII, 


Figure XXIV, 


Figure XXV, 


Lowest G. to be expected fer 
@ech $§ hydxefoil echerd 
Length et 32 knot range. 


Magnitude of °F produced by 
.§ 


stern hydrofeils in 15 knot 
Lange. 


Effect of variation of depth 
of submergence of a stern 
hydrofoil. 


Accuracy achieved in pre«€ 
dicting optimum location for 
bow hydrefeil. 


Lowest te bs expected with 
a2 inch’ bow hydrafeile 
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FIGURE IX | 


C, VS. V/0O FOR THE MODEL WITH & WITHOUT SAND STRIPS 
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Vive FOR THE SANDED MODEL WITH & 
HYDROFOIL SUPPORT DEVICE 
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TOTAL RESISTANCE COEFFICIENT, C_x 10° 





rIGWURE I . 


ADDED RESISTANCE CAUSED BY THE HYDROFOIL SUPPORT DEVICES 


e 
e 


wee oh eone 


? 





fe 
fe 
pe 
S32 cant 
= age 
ite FEES 
ae HE 
re 
tiees 
ES 
sets 
i peed 
oat 
Es aiinen! mbpes {ucrm bres 
Ey od; {2 are 
ES pea 
i8 
fessd 
BEY 
ES 
PEAS 
ets 
areal 
Pied jon 
i25se boas 
gases ae 
Ste 
3 1.41 42 
SPEED LENGTH RATIO , WWE 
=36— 


TOTAL RESISTANCE COEFFICIENT | C_ x 10° 








PIGUERE 2am 


32 KT. RANGE INTERCEPT CURVES FOR 1.0 INCH HYOROFOIL 
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32 KT. RANGE INTERCEPT CURVES FOR IL.5!1N. HYDROFOIL 
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FIGURE XIV | 


32 KT. RANGE INTERCEPT CURVES FOR 2.0 IN. HYDROFOIL 
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VARIATION OF RESISTANCE WITH CHANGE OF POSITION AT 32KT. RANGE 







SFT 


f: oe 
4 


33 
al 
4 


4 








4 


: 


eeee 
e+e 
ote 
bee 
wree A 
er oe 
7+ 
ete e 
















if 


: 
} 


bf ED FEC Ee 






HEE eke at EGE PE Fe 








; 
4 
e 


+ 
| 
; 


i fil] 
r 
HiT 
tt 
a] Sade 


+2 
tons 
stare 
S853 SSeee +p. 
£ tes Sees Sans bs 
tee pots tee 
eo -—— Be } 
® +4 tore 8. 
as aa 
ad fae spe oes] 
3 seree 
Caprese 
++ 
cect} +e 
cae Sale 1% 
ecete 
Sooue soaee se 
boeee coges 


++ ¢ * 
tr 1 ¢ i 
agi mess , 

+ 


bt 
ttt 


! 
+ 
+ 
¢ 

+ 

4 
eo 


eee 
eee 


+ 
' 





ees! 
tae 


: 


i 


NSH Hi 






HFT Ta Ee Pe 


ey oe 
oo 
teas eo ee 
& eee 4 
—_ Ce teatined omte 
4+ FF oore oer 
a Pee rhe eee thee 
+ 0-2 fore a en oon 
ee oe ee 
+++ etree 
eet 5 eed 
threo hore 


TE Tey 
Fg ERI ETT REESE EEE Eel EB 


HH EH 
EHTS 


ee 
oe deeal 
ste 


EWD0.4 A. 0.1 


OSITION RELATIVE TO A.R 
== 






COEFFICIENT | 


RESISTANCE 


TOTAL 












FIGURE XV. 


CHORD LENGTH AT 32 KT. RG. 


VS: 


POSITION 


OPTIMUM 
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FIGURE XVII . 


VARIATION OF C., WITH CHANGE OF ATTACK ANGLE AT 32KT. RG. 


meoedoces 


* 
® 
+ 
rf 
~~ 
¢ 
4 
e 


a6 


e 


« 
a ke 


- » 


4 


4a seafs: 
“iw. 


Be ile 


eosrdebbeas 


CPG LSS. Sess Ee) es EES STS CREE CRRA | Sars 


— 


ESESS LES57 


. 


On ah og 
eo4a 


. 


eevee 
oe 


+ 


ane 
baace 





NEGATVE 6 


(DEGREES) 


HYDROFOIL ANGLE OF ATTACK 


}. 











FIGURE XVII. 
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FIGURE Aix | 


KT. RG. OPTIMUM C_ VS. VvT CHARACTERISTICS FOR HYDROFOILS 
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FIGURE XX. 


RANGE ONLY 


AT THE 32 KNOT 


Cy 


MINIMUM 


CHORD LENGTH VS. 








eocraeee'| seggeugaergect seerene' 
ee ae ue a nN eS il 


2Ol * 2“ LNAID144309 JONVISIS IS WALOL 








e@] 
as ee a ee aaae SuEsHazaeaL rr 
ee eee ee | 


















Srtcctareatan ee fare 




















See ie BOS SER SR ee tae 
SOBEREY a seh NaEEE Sper ae i is 
poe pusagn an : 
aes fa inc ae eet _ 
isa! aera BEES EA 
Tie 


gilt 
wud 


oe 








+} 
el 


fi BE 


FES EET EES 
bop 


it 
$ 

+f 
i] 


* 
¢ 
¢ 
¢ 


EEN PE EES ATL 


t! 
tf 


Ha eA EA 
FE ATH LE 


4 





LET VEE BETTE SET GE GE 


LL EET 


! 
i 


CTE EAT GE 


FIGURE XXII. 


LC AT IS KT. RANGE FOR 


lO AND 3.0 INCH HYDROFOILS 
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FIGURE XXI. 


EFFECT ON RESISTANCE OF VARYING SUBMERGENCE 
EPTH OF THE 1.0 IN. HYDROFOIL AT THE 32KT. RANGE 
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FIGURE XXHU/. 


INTERCEPT CURVES 
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IGURE XXIV . 


VARIATION OF C, WITH CHANGE OF POSITION OF THE 2.0" BOW 
HYDROFOIL AT THE 32KT. RANGE 
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FIGURE XXV. 


VARIATION , WITH CHANGE OF ATTACK ANGLE OF THE 22 OM 
HYOROFOIL AT THE 32 KT. RANGE 
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HY DROFOIL ANGLE OF ATTACK. ( DEGREES) 
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IV. DISCUSSION OF RESULTS 


A. Stern Hydrofeil Reswlts 


The presentation of the RESILTS section icilewed 
the chrenelogical development of the thesis during the 
experimental testing stage. Accerdinely, it is believed 
that a more seinted and well reunced ansiysis will result 
if this same chronological order is fcllewed in this dis- 
cussion, 

The full renge tests of Cr versus V//L es shewn in 
Figure IX indicated that this particular vessel hed a 
very well defined hump in its resistance curve thet 
appeared to be cf most significance near the 32 knot 
rance, This of course inferred that the bow and §tern 
trensverse waves were & mewhet in caincicence nedr this 
soeed range, Reference (%) stated that *,... the humps 
in the residual resistance cuzves occur when the suriace 
levels sbovt the stern are relatively low ..<." and 
eceotdingly a phetegrach was mede to verify this staeteq- 
ment. (See Figure XXVI), 

As will be noted in this shetograph the surface 
level aft of the model] is considerably disturbed by 


eddies, but the lewel is relatively low, and at worst 
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there if ofly a vOry SLignht Wi tiglh Steen hellow, 

These fects tended te incieets thet for this particular 
hull form the contribution to weve mthing by the after 
body was net neserly as significant x8 the centribytion 
by the fore body. However, it remeined tar further 
testing to prove whether or not the effects of this 
after body contribution could be reduced by the presence 
of a properly pesitioned stem hydrefoil, 

Before leaving Figure IX attention must tise be 
focused on the changes in the sanded modei’s total 
resigtance coefficient that occurred between the bee 
ginning of the testing period and the end. It will be 
noted thet # marked increase in resittance took place, 
and this increasé is attributed entirely to severe 
cracking of the paint on the bottom of the model, As 
the wood of the mocel was subjected to submersion and 
@rying there wat a refultant expansic. and contrections 
The bettem paint wes an enamel or lacquer which was quite 
brittle in nature. As @ consecuence, it cracked, and the 
result was that there was a general revohening ef the 
bettorm surface. 

The major portion of this cracking tock place soon 
after the start of the testing program: its oresence 
was noted, but time prohibited the campiete refinishing 
of the bettom, and the condithion was accepted whith full 
re@lizatien of its undesirabllity,. It qust be frenkly 
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etated that this conditian uncoubtedly wes not a static 
ene, and hence sewe GSubt arites os to the real cone 
dition that existed at any point in time during the 
testing progrem, It ie the author's tirm epinion that 
any error introduced by this seurce is of small sig- 
nificance and does not tend to invalidate any of the 
results of this thesis, (See Appendix Mi), The con- 
dition had reached its worst prior to tests on the 
hydrefcoilis, and furthermore, comparisons are meade 
agéinst the final evéeluation of the tetal resistance 
coefficient of the rovughene@ hull. Mence, due con 
sideraticn fer thie condition has been exercised, 

Turning now to the other curvet, it will be noted 
thet Figures X and XI are merely an evaiuation ef the 
added resistance that is caused by the support erms of 
the bow and stern hydrofeil suppert devices, This 
evaluation takes account cf the roughened cendition 
ef the modelis bottem as is indicated by the Curves 
Shown on the slots, These curves preve that the support 
arms do result in added resistange, and it would be ine 
correct to net consider this fact when enalyzing the 
effects due to the hydrofoil alone, 

Figures XII, XIII, and XIV could be conbined inte 
one single plot, but the result would be @ mass cen= 
fusion of 32 knet range intercept curves, ft will be 


ebserved thet the value of Cop &t the 22 knot range fer 
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any partlouler condition being considered ie the desired 
infotmation to be gained from S11 ef the curyeés Note 
that e@ch curve hes an idéntifyling aumvey which peovides 
@ key for establishing whet cen@itlans applied for that 
curve, (See Appendix D), 

Figure XV, which shows the effect of longitudinal 
position on C, for the 1,0, 1.5, ant 2.0 imeh foils, 
must net be considered as being indieative of the best 
results to be achieved with the stern hydrefeils. The 
ourves on this plot gre merely the result of varying one 
variable while the other two variables are held constant 
at values which are not necessarily the optimum for them. 
What is significant is the fact that cherd length very 
definitely does have an effect on the proper positicning 
of a stern hydrofoil. AS will be seen fn Fieure XVI, 
when the chord length is decreaved, the hydrofoil should 
be moved ferwerd with re®pect to the After Perpendicular, 
Cenversely, an increase in cherd length recuir@s thet the 
foil be wpoved further aft. Of come intersect in Figure 
AVY is the hump thet cccume in the Coy versus Longitudlinel 
Pesition curve fer the 1.9 inch foil. This hump is bee 
lieved due to the fact thet when the 1,0 inch ffeil is 
lecated et 0.15 feet forward of the After Penpendicular 
it codneides almost exectly with tne Lowest peint in the 
stern wave hellow, Therefore the locsi depth ef sub- 


mergence for the feil is net the cptimum 1 inch, but is 
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something lees then this. Fioure FXL definitely ¢s- 
teblishes thet &@ submeroence cecth less ther one chord 
will result in an increesexd valum of Gp, hence this 
explanation fer the hump seems plausible, 

With the date geined ‘rom Figure ZVI as te optimum 
Longitudinal position for the 1.0, le5, and 42.0 inth 
foiis it next fcllowed thet Figure XVII, Cy versus 
Hydrofoil Angle of Attack, wowid indicate tee important 
pieces of information. These are the optimum angle of 
atteck for each foil, and elso whether or mot any foil 
when located at its optimum longitudinal pesition and 
optimum angle ef attack would result in 2 reduction of 
the model's Gp at the 32 knot range. AS is quite readily 
seen in Figure XVII neither the 1.6, 1,5, ner 2.0 ineh 
stern hydrofoil succeeded in redueing the model fs Cow at 
the 32 knot range. It is te be remembered that the foils 
were at their optimum longitudinal pesiti.ns, and were 


et either one chord length or it keel depth submergence, 





which meant they were ostimumly located from a sub- 
mergence stendpoint within tne imposed limits thet were 
discussed in the PROCEDJRE, Therefore, sn the basiée 
of Figure XVII it appeared thet stern hydrofoils could 
net effect en improvement in the wave Making charecter~ 
istics of this particular model, 

Before terminating this dieeussicn of Figure XVIT, 


&2 most interesting point must +e discussed, Thi soiat 
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ie the fect thet megative eogies of attack for the 
three ttern hytwefoile eeneide ed were jeuné te ba 
the optiaum While ot *ine) glapéte this hey Seer 
unveual, actually it is entieel, te be emped iad. 
Figure Tit showe thet this trensom-sterr e@odel has 

& pronounced aft cut awéy ares thet begins near the 
aft ene third length ef the hull. As @ consequence, 
the lines of flow in this aft area will tend te follow 
the upwerd sweep of the hull. Therefewe, while e 
negative angle of attack with respect tc the weter 
furface might exiet, iLecally the ongie of attack wee 
petitive due to the direction of flow of the Sir@am 
lines, 

Now it i# to be neted in Figure XVII thet it wes 
the 2,0 inch stern hydrofoil which result#@ in the lowe 
est Cy at its optimum angle of attack, This facet geve 
an impetus te continue the etern hydPeiell investl- 
gations by an anelysis of the results eich wold be 
eaused by the 2.5 and 3.0 inch hyerefoils when they 
were located wt their optimum potitiens. in order te 
predict these ootirvum pesitions Lt wae therefore 
necessizy to develop Figure AVIII whieh shews the 
variations af eptimum angie of atteck with hydrofoil 
cherd length. Befere continuing the discueeion of the 
2o5 am@ 3.0 ineh foliay nete in Figure XVIII thet as 


a _ pes “ote WRT OX -aee (20), Pred ae o 
i ee ee ee) 








chord length increasee the octimum angle of atta@ck 
changes from negative to positive. This would indicate 
that the larger foils are influenced by @ type of 
Streamline whose path diverget ewaey from the upward 
sweep of the hull and then tends become more neerly 
parallel to the undisturbed water surface. It is to 
be recalled that Figure XVI indicated that the large 
feils should be further eft of the A.P., and back in 
this area the foil will ri¢e in the wake of the model, 
Figure XXVI showed this ares to be cuite disturbed by 
eddies; however, it is relatively Levei which would ine 
dicate that an imaginary laminar stream line in this 
turbulent arez would mest certainly not be directed 
upward as is the case beneath the transom of the medel. 
Hence the indication th t large cherd length feils 
should be set at positive attack angles is quite 
reasonable, 

Returning now to the 2.5 and 3.0 inch stern foils, 
their optimum positions were determined by extrapolation 
on Figures XVI and XVIII, and Figure XIX Shows the Cr 
versus V//L charecteristics caused by these folis, Alto 
shovm for comparison purpeses are the san charecteristics 
for the other foils when lecated at their optimum positions, 
It is reedily apparent that the 2.5 and 3,0 inch foils 
failed to meet expectations and that the 2,0 inch feil 


wes in reality toe foil of optimum cherd length. 
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In Figure KX will ve found @ plet of st#rn bydre- 
foil chord length versus Ce. This cyurwe more clearly 
establishes the fect thet the 2.0 inch chord stern 
hycrofoil came closest ts achieving #@ reduction in the 
Gy of the model et the 32 knet range. Furthermore, the 
curve also shews thet the 2,0 inch foil wes the only 


foil to achieve a reduc 





stien in wave making resistance, 
The shert dashed Lines at each chord Length indicate 
the value of Gr that wae to be expected if the model’s 
wetted surface hed been increased by @ amownt equal 
to thet of each foll, and if the reaistanee caused by 
the stern hydrofoil suppert arms wes alse added to this. 
(For edditional deteils, see Appendix F.) 

The announced Intentions of this thesis were te 
eveluate the effects of stern hycrefcils at both the 


32 knot range and the 15 knet range, Follewing the 





unsuccessful attempts te reduce C, in the 32 knot range, 

it wes deubtful whether any improvement fould Le achieved 
in the 15 Knot range. Figure XX has clearly indicated 

thet the increases in frictional and form drag resistance 
@s a résuit of the stern foille wae in <1] cases greater 
then the reduction in weve meking resistance, Therefore, 
Since the 15 knot range was characterized by high fricticnal 
énd low weve meking resistence it seemed almost certain 


that no imprevement was ceossible in the 15 knot range, 
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by ute of ster hydrofoilse In oFfer to prove the 
woilnt, date wes taken te plovice the gorvee of 

Figure XXI, Only the 1.0 end 3.0 inch hydrofeils were 
considered, since they would serve to indicste the upper 
anc lewer limits of resiztence that wovld result from a 
Complete tect of all five foil® in the family, These 
foils were set at their eptimum positions ag feund in 
the 34 knet renge analysis, and es can be seen in 

MXI no reduction in Cr at the 15 Knot range was 





Figure 
indicated ~s being poesibie, 

One final point of discussion with regard to stern 
hydrefoils is centered upon the effects of submergence 
depth on the voerformance of a@ foil, As was mentioned 
in the PROCEDU" E only the 1,0 inch foil wes of small 
enough chord cimension te permit varietion of the deoth 
of submergence. Figure XXII shows the results thet were 
achieved when this foil was tested at greater and less 
than one chord length deothse as compared with the results 
achisved when set exactly at one cherd length depth. As 
the curves clearly shew a submergence greater then one 
cherd length is more harmful then a submergence less 
than one cherd lenathg additionally, one chord length 
apoears to be the ootimum derth cf submergence fer a 
hydrofoil to be employed aS a wave making redvction 


device, 
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As the finel phage of this thesit, a limited ine 
vestigetion of results to be achieved whith bow hy@ro+ 
foils was made in order to establish if wave making 
resistance caused by the fore body was susceptible toa 
reduction, Inasmuch as tre 2.0 inch feil hed given 
the best comparative results in the stexn hydrefoil 
investigation, it was decided to uee this foil in the 
bow hydrefoil investigation, 

Figure AXLIT shows the intercept smpees that were 
used to establish the valus¢s of Cr at the 32 knot range 
for various positions of the bow hycd&ofoil. <A predicted 
optimum longitudinal pesition of the hydrofoil was first 
computed, (See Aooendix G.} Thereafter various longi-~ 
tudinal positions of the hydrefoil were examined and 
curve XXIV wes developed to show the effect of variéetion 
of the longitvdinal position upon Cpe it is interesting 
to note that the predicted best positicn wes within 0,45 
inches of the experimentally determinad beat pasiticn. 
Of particular significence is the sharp rise in C, that 
eccurred when the hydrefoil was positioned exactly at 
the Forwerd Perpendicular. Reference (9) had established 
the fact that a hydroefell moving through water et € sub= 
mexgence depth less than one cherd length weuld preduce 


a surface disturbance immediately abeve the (cil, 
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Now this very #hanpe tite in Cr LS @ttributeo te the 
fact thet when the x10 inch foil wes eosltioned exsttly 
at the Forward Perpendicular Lt wes st @ submergence of 
1.961 inches which wes less then one cherd length. More- 
ever, at this particuler position it wae immedietely be+ 
n@eth the bulbous bow ef the model, Accordingly, the 
effect of the hycrofeil wes to cancel some of the bene= 
ficial effect achieved by the wave reducing properties 
of the bulbous bew, This cencellation wes thus reflected 
in en increase in the velue of Cee at the 32 knot range. 

The angle ef attack tests for the 4.0 inch bow 
hydrofoil, located at its optimum lengitudinal position, 
asteblished the very unexpected fact thet the best angle 
of attack was negative end not pesitive, (See Figure Xx.) 
This is deseribed as being unexpected because the optimum 
longitudinal position was found te be forward of the 
FPorware Pesendicular where the .ines a1 flow are net 
atfected in any way by the hull as eceurs under the after 
body. it is slear that the 2,0 inch bow hydrefoil failed 
to impreve the wave making charecteristics of the model, 
and so the negative angle cf attack can enly be explained 
by the fact thet it undowbtedly causec the leest form drags 
Ae will be seen in Figure XXV this optimum angle wes only 
(~}0,.65 degrees which is quite small, Peference (11) 
indicates thet the NoA.C.A. foil number €3,-618 will 
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produce the leest amount of torm dirég ft « negative 
atteck angls of ona degrees hence, minimizetion of form 
drag required thet the hyarofeil be Set et & negative 


angle of attack. 


GC. Final Pein® 9: Eiseussion 


Te conclude this discu¢sion attention is once mere 
drawn to rigures XX end XXV. As was previcutly mentioned, 
the 2.0 inch stern hydrofoil waa the only hydrofoil that 
achieved a wave making redwetion. For ell other feils, 
the fact thet the measured values of vee exceeded the 
maximum expected inerease in Cy at the 32 knot range re- 
quires en explanatien. (See Figure XX.) 

The enly lLegicsl explanatiaon seems to be that the 
bew and stern hydrefolis preduced a form drag and @ 
Surface wave disturbance which caused the increments of 
added resistance. These increments ef added resistance 
dve tc form drag and surface weve disturbance were about 
the same for the 1.0 anc 1.5 inch stern feils, However, 
fer the 2,5 and 3.0 inch stern foils these increments 
tended to increase as chord length increased, The cone 
$tency ot the increments for the smeller stern foils is 


exslzined by the fact thet the 1.5 inch foil had greater 


wave reducing tendencies than the 1.0 inch foilg however, 
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tie 1.5 inch foil alsé hed greeter form crag goredycing 
tendencies which apparently cqueliee the weve raducing 
tendencies. The result wes thet the 1.4 inch foil’s 
increment remained the same. Now in the cate of the 

2.5 and 3.0 inch foils, trey were carrieé much too close 
to the water surface, which meant ever-increesing surface+- 
wave-cisturbance tendencies, Additionally, as these foils 
increased in chord length they also increased in thick- 
ness, end consequently there was a orogressive incresse 
in form drag. The sbove, therefore, is preposed es 

ene explanation for the failures of stern hyérefoils te 


improve vp at the 32 knot range on this particular model, 
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The most significant conclusian to be drawn from 
this investigetion is thet before applying stern hycdro- 
foils to ® hull form a careful evaluction of that form 
must take place. In general, if the hull form is very 
fine-lined, and if the que weve disturbance is very 
small compared to thet of the bow, it is doubtful whether 
Stern hycrofeils can achieve e redwcticon in wave making 
resistance, In the model on which Mr. Kerlowena 7) 
applied a stern hydrefoil, the iengitudinal coefficient 
was 0.639, For the model employed im this investigetion, 
the lengitudinal coefficient was 0.572. Hence it is 
clear that stern hydrofoils are not svitable for appli- 
cation to extremely fine hull ferms. 

With regard to the use of bow hydrefoils on this 
garticular hull form, it appears om the besisa ot a very 
limited investigation that possibly ne benefit will ree 
sult from such use, But this foregoing conclusion is 
Subject to excentien, for only one rectangular hycroicil 
shane was investigated. Mr, Beéel and Mr. Zakey'®) heve 
previously found that the swept back hydrofoil showed 


more promise then rectangular etharped hycrofoils. Further- 
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more, the process of &@ bulbous bow anc a hydrofoil 
acting toegether, although not actually «5 on® unit, 
Suggests the desirability of [further investigation. 

The conclusions t be crawm «es recerds chord 
length, longitudinal position, angle of ettack, and 
cventh of sulmergence of stern hydrofeils can only be 
considered as being fully @pplicable te the hull ferm 
under consideration, Since no benefit was achieved 
by use ef stern hycrofoils, the various tests carried 
out merely served to indieate what was the proper valee 
of the varsabaes so as to attain the least celeterious 
inflwvence from the foil. However, with this reality in 
mind, it was found that a foil having a (L8P)/(Chord 
Length) ratie of 25.99 was best. It is to be recalied 
that Mr. Kezlowski successfully employed « hydrofoil 
whose value for thet ratio was 24.00; 

With respect to lengitudine] pesition of the stern 
hydrofcil, it was found thet the preper pesitinn for 
the hy¢xefeil of optimum chord length (2% inches in this 
case) wes et = position L,OLIS(LBP) aft of the Porward 
Perpendicular, 

As regirds angle of attack for the optimum foil, 
the correct angle is best described by the ratio, 

{Keel cut awey angle) /(hydrefoil angle of attack). 
This ratio is used because in the ares ifvnecietely be- 


neath a transom stern, the lines of flow fcr the water 
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paesing elong the hull will tollow the General uoward 
sweep of the underbody. Hence, the best ancie of athack 
for a stern hydrofoil will ve a function of the upsweep 
of the hull and the flow lines [elilewing this change in 
form. The local direttion of flow thus establishes the 
preper angle of attack, even though it may be negative 
with respect to the horizental. For the model of this 
investicstion, the ratio hes paen feund to be (+)13. 
The minus sign, of course, indicates that the angle of 
atteck wes negative for the reasons given sbeve. 

Concerning the optimum destn o: submergence, it 
appeers that one chord length is the optimum depth, 
Mere hezmful effects will result from placing the foil 
too deep than will result from loceting it at less then 
one chord leneth in depth. 
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AS was evidenced by the data obtained for the 
2 inch stern hycrofeil, ane also es a result of 
Mr, Kozlowsxi's ewan ‘7? it has definitely been es- 
tablished thet stern hyerofeils will reduce $tern 
wave making resistance. The degree of reduction appears 
te be a function ef the hull ferm of the vessel being 
considered, 

in order to verify this lest statement, it is 
suggested thet the lines for a full bodied ship heaving 
the sane displ. cement and wetted surfece as the prote~ 
type an this investigation be developed, This of course 
will be a shorter, bpeemier, and possibly deeper null form, 

After the model for this new form nes been built, 
it is recommended thet a hydrefeii from the family teated 
in this thesis ther be attached to the ¢teim of this new 
modek, It is further recommended that the size of the 
model should be considerec very cérefully before develon- 
ment of the lines in order to closely apprexivate the 
(LBP) /(Chord Length) ratio of 24 to 26. 

AS a first trial, the selected hydrofoil might be 


positioned en the basis of the experimental results 
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given in the GONGLUSLINS section of thie thesi¢. 

ABS & {inal word of advice, it is ceconmmended thet 
extreme care be exercifed jy the design ef a towing 
bracket as well a& for © suppert device for the hyére- 
foil. Any model tewed at high speed in the MoL.T. 
Towing Tank is subject to possible yewing if the towing 
bratket is even slightly misaligned, 

Eurthes, it the hydmofoil is net completely lLewel 
in the transverse direction, it will a¢t like an @irolene 
wing Waich hee 4 @thedral angle in one wing but none Pua) 
the ether, The result is that the model Ls» cauced to 
heel becuse the components of Lift are not symmetrical 
and tend to 2reduce an unbalanced heeling menant, 
that extreme cars 





In cenclucton, it is ree 
be exercised to keep the inside of the model dry while 
testina, Alse, brittle Lacquer or enemel tye paints 
ghould be avoided, 
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APCDENDIX A 


Characteristics of Medel DTMB-DD 332 (AS®~Trensem Stern) 





7) ee es | 
Length between perpendiculers 40333 Eto S20 fts 

Beam 0.446 Ft. 5305 ft. 
Draft Ovl4? ft. 17.6 fts 
Disglacement 7s635 lbs YoY. 6540 tons £.¥. 
Wetted Surface 26028 $4. T. 29209 Suoft, 
Designed Speed 26920 knots 32.0 knots 





Designed Speed Length Ratio = 1.402 


Longitudinal Ceefficient * e572 


ee 4 46.51 


(55)? 


Scale Ratic = 1LzZ0 
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Characteristics of Model 17 (Geatzoyer) used by 
Mr. Kozlowski 


UE i i- Ship . 


Length between perpendiculsars 5. ft, 969 ft, 

Beer 0,604 ft. 4905 Ft. 

Draft 0.216 ft i3Zo4 ft. 
Displacement 21.09 LboF.We 2844 Tons 5.W, 


Wetted Surface 


(a) Naked Model 355 RA SGofVe 15,660 Sq5ft. 
(b) Model with Hydrofeil 36680 saqofte 16,564 saefte 
Designed Speed &o. 26 knots 35 knots 











Designed peed Length Ratio ~ 1,82 
Longitudinal Coefficient = 0,639 


wnt = 5653 
(185) ° 


Scale Ratio = 67,091 
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APPENELX B 


List of N.A.U.%., Adr Fell Sheones cultablie for Use 
in Hydrofcil Reseerch 


The following N.4A,.C.A, Shaped have characteristics 
closely appromimating those of N./.0.A, foil number 
635-518. The pate number followieg each feil is the 
lecation of data for the foil in N,A.C.A. Remort No. 824 
of 1945, 


ly» MesAVCLA, 4412 pe L4l 
a, * 63,215 167 
Bo a 63 pret 176 
he 64-416 194 
36 ® 64.,~618 195 
6. B Od, prbyit. L196 
T. " 65,~618 225 
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Detaile of N.f,CeAe Foil Ne, 634~618 


(2) 
(>) 
(c) 


Explenation of designetion. 


Basic offset constants for 
feil shape. 


Location of {cil suppert 
points. 


Use of sandstrips on foils, 








APPENDIX © 


Details of MLA. Ge he Pof{l NA > 65,0618, 


A, Explanation of Dasignatien 65 ,~618 








The numbers are treated in tie erder in which they 


appear from left te right. 


6: This is the series designation. 


32: This denotes the cherdwise position 
cf minimum pressure in tenths of 
the chord behind the leeding edge 
for the basic symmetrical section 
at sere lift, 


Subscript 3 A N.A.C.A. Identifying 
number which indicstes tne lew 
drag range to distinguish the foil 
from earlier eirfoils, 


S$: This is the design Lift coefiicient 
im tenths. 


18: These twe digits indicate the airfoil 
thickness in per cent of the chord, 





First, it is necessary to define two terme. 


Mean Linet This is a line which lies midway between 
the upper and lewer surface of the fail, 
It dees not coincide with the cherd line 
unless the foil is & syametrical shape, 
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fasic Thickness Forts This is a tem uSea to detcribe 
the thicknets af the foli at 
joints aleng the mean line, The 
Longitudinel of x coorcinate 
establishes the coetitlon of a 
pvint on the mean line» The y+ 
coordinete designates the eymmetrical 
thickness about the mean line along 
@ line perpendicular to the mean 
line, This line pesses through the 
given x coordinate intercept on the 
mean line, 








Meanline Data — 
————— 

0 @) 9 0 
1,25 0.489 4 tS 20217 
205 0.958 wo % 3e1G4 
5,0 1,833 5 ° 
745 #4625 To5 54 308 
10 3.333 10 65068 
15 4250 15 79225 
20 §2333 2Q $048 
a5 55833 25 6.609 
30 6,000 30 6.913 
0 52510 50 7e9he 
60 4eSS8 60 60455 
70 bo Ohh 76 4622 
gO 20939 EO 26691 
90 15592 390 9.985 
100 100 
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The shove x ned ¥ coordinates are expressed #6 per 
centages of the chord. 
Aeditienallys 

Leading Edge Badius @ 4.12% ef chord 

Slope of Radius Through Leading Edge =~ 0.25278 of chord, 
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The ahépe of a N.A,.C.A. 63.-618 foil mey be fe@n in 
a 
Figure V. In the forwogroutd of this Figure elll te 
seen en unfinished 1.0 ineh chord foil e6 1t iS received 


aiter cutting in the Slean Laboretory Machine Shop. 
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For #11 foile the Support point wae located on the 
frean Line at 25% of the cherd aft of the leading edges 
This pesition roughly epproximates the general longitudinal 
lotetion of the center of Lift a& the angie of attéck is 
varied, All longitudinal pesitions of the feil refer to 
the lecation ef this support point. 
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The question arose as to the need for sandsthrips 
on the hydrefoils in order to insure turbulent flow con- 
ditions around the feil. Fer teats in the 32 knet renge, 
the local Reynolds number fer the % inch fell wes 7.75 x 
104, At this particuler range of Reynolds numoer the 
frictional resistance coefficient fer leminar flow is 
gretter than that fer turbulent flew. Accordingly, by 
net using sandstrips anc ellowing laminar flow on the 
submerged hydrofoil, the cossible beneficial resuits 


preduced by the hydrofoil are penalized. The result is 


ee) eee ; 
i ee ee ee ee ua b' 
| PRBONE, PH, St 06 1400) lenethd Gens 6.1 eras inte - Meer 


- ‘ A rena cat ented mets ats ok pote we 
z 4» , | 
ho 














“a 







OA UA lg yh ae 20 
| bets mip | 


ra Gant £90 tol pment lary ined 
sth retinue ender Ye Aree selunctyam Ahr db | 
rah aac a Nac Aer ey ed Josie 
W aylonticmess ~ ed) geet Sol vive eady Valier 
1) 60 ell tind prdeetle ber eetaceeeed pete # 
ePiaiewt Lots lidued wlilleome Mai .TésTomDt Linteoduy 
of 90H) Mt enti od Ui eed Var ye Gadeanie 


ie 








@ greeter cercentage amount of resistence cHused by 


frictien than would be the fos full alzed ture 

conditions, Ascordingly, if the nysigotoLi¢ 

did pwous encteiy results bn the seal tects, 
——- 


one would know —e even better resul te ware possible 








in the full size shs ip where conditions were turbulent: | 
i “,’ 
and a enaller frictional coefficient existed, 

















TEST Noe 
Dates 


le Vebruary 1954 
Temperature of Waters 


66°F 


oe 


Purpose of Test: Evel we thon 


naked ells 


(The water 


Location of Plot: Figure IX, Curve 1, 





Nt Rs Srey 





Tetel 
iesistence 


Nos (ibs, ) oo rae 


Applied 
Ruri rorce 
i %~_ 310 
2 6020 
3 0.838 
4 6,045 
a 959 
6 6,069 
4 C6070 
§ 09,080 
9 76090 
10 0 a 106 
ll “OslL10 
le 0,126 
¥ 06130 
d, OsL46 
i5 04150 
1G 0.160 
\7 GO. 170 
1s 0,189 
19 0,196 
a 0,200 
aa 06216 
Aa Gy £20 
23 0.230 
ads 0.285 
25 9.3520 


ea MET A let eRe ta li) Oly II | TI, YO SAY ~ ms Ts ae Re el EEG 7 AS IRN EOS REIN LT 9 RP TN ER CI MRE RL tn BARRON I ay 


0 Mi 6 
7 ED 


sod 
1,270 


0396 
016 
0.6926 
2035 
©5045 


0.955 
0.065 
0.075 
Gs084 
0,094 


0.104 
Oolls 
0,124 
0.134 
Os144 
Oob54 


0.164 
OolTA 


O.L84 } 


Oy 194 


OoaGs, 
Deals 
Qone3 
Cee 73 
Os313 


IP LLRD = SOREL DDE, LIES 


in the és ¢ha Ce 
Tank ia fresh _weter) 
Cp Ver Sus VVL for unsended, 


Cone % 10° 


7F 


AILS OMIPS CRY AME 9 tert mats pS IY 


«72S 
bya O72 
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a) we “1 “L ineae ae "gtalay te cs. ietnieenal 
a hl lent 1Y eter nm 
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TEST Nae. 


fates <0 Fabrwary 1954 


Temperature of Pater: 66, 5°F 


Purpose of Tast: Completion of the Cy 
for unéganded, naked 


Lecatiaon of Plets 











Apnlied 
un Force Speed 
1 0.095 1,616 
a 0.100 Le87i 
3 O.105 1,915 
4 0.145 Zantk 
5 0,150 aa 3e0 
6 0,155 2e 350 
7 oO: ae tld 
& 0e259 Aa The 
9 0.266 fe 
LO 0,276 ho lGh 
li 04 &90 24858 
le 0.300 £901 
13 0. 210 25920 
A Oe 326 20971 
15 04330 2e993 
14 0.340 & QO3 
1’ 08350 31066 


| RE eps my RR OE 8 ernie 


on Qe 


Figure IX, Curve le 


(PER eG AN ce I OT ee RP CRE eee be oer R, ee meme es Tag ee ee 


Totel 
i 


05990 
0.094 
02099 
02139 
Geld 


3149 
Ov233 
06243 
0.253 
00263 


0.283 
Goe9 3 
Oe 303 
GO. 343 
Oe 3e 2 


Oe 333 
Oe 243 


Retistance 





tie 





versus V/V/L test’ 
hylls 


Crpx 107 

at . 
— 
Lye 735 0.874 
ho ?76 0,899 
BO 0.926 
1,093 

bos 7 3S 1,115 
fe 175 1,129 
A) 1.202 
50745 1,318 
5465 1,331 
Se IFO 10343 
6,160 1,37 
cane pds 
6.297 1428 
6.400 1.438 
o bait 14458 
6.57 1.473 








TEST NO, 2 


Dates £7 Februery 1954 

Temperature of Waters 68,8°F. 

Puroese or Test: Evaluaticn of gamed resletance resulting 
from stern hydrofoil supsect device 
leceted at After Perpendicular. Model 
equipped with sandstrins on bow. 























Location of Plots: funs 1-6, Figure X, curve 4s 
nuns Talb, Figure XI, curve 3, 
Ce # 10? 
Apoliled Totel > Tes 
Run Feree Speed Resistance ot 
N@.» ___ ADS. | Abbas) 70) 
i 0.040 1.044 0.035 Se (EL 0.502 
Pa 0.2050 Lal9O IoO4 5 e684 O hae 
3 O—9O55 1.260 04050 59620 0,606 
: 0.060 1,325 0.055 54 588 0.637 
0.065 i rs) 386 0.060 ., re) hey 0,666 
6 0,070 1.448 04965 £2513 0.696 
7 00270 Aa Tk? 0,263 6220 1,320 
8 0,290 2e810 0.283 69597 R: 4 
9 0.2300 2 83& 0.293 64490 Led 
10 0.310 ze 889 0.503 64567 10379 
1i 0.320 a0 897 0.313 6,652 
12 0.330 20926 0. 323 65 T25 
13 06340 2o9S57 G.2333 6.788 
l4 0.350 a» FOS 0.343 60°23 
Ak 2 360 3.028 04353 6.861 
1 0.370 30046 0.363 6.973 
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Dates 6 March 1864 

Temperature of Weiter: €é7°F 

Purpose of Teet: Evaluation ot added resistence dwe to 
attaching sandetrips to nakec hull. 

Location of Plets Pigure IX, curve 4. 
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; Lf a 
Applied Total wT 19 
rorce opeed Regi stance . 
~ (ibs.) _ Cine t: mJ VAL 
i 063% 30105 0.363 6,688 LahG2 
Z 0. 360 5,065 Os 353 6676 L473 
3 0.350 3a057 Os 34. 6. 520 10469 
‘ Oo 340 3.018 Oo 333 6 e493 1.450 
5 0.330 20 S95 0.3643 G, 396 L oh 39 
& 0.320 209 38 0.513 60447 LeAiz 
( 0.310 20908 0.303 6373 2397 
& 0, 300 £886 0.293 6,286 wt 
9 02290 20847 0.283 66213 15388 
iO 02280 2eE1LS Oo 73 6.130 1.353 
LL G2279 ae IB2 02263 64045 16337 
a 0,260 Ko T&S 0.253 5 «G60 1.320 
13 0.250 071d 00243 5 6 869 } «204 
i 0.2359 2616 nad, 5.668 eela 
i 0.340 2a WD 04333 6657 LodAd 
16 0.210 £4 569 O, 204 5edTé& Leaé3h 
i? 0.190 #482 0,184 5629 1.193 
16 Oo176 Re 307 0.164 Sol4 1.142 
1g 0.155 £ eek OQ O.1LA4 & O93 1,076 
aa O2110 LePld 0018, SeO74 0.916 
aA 0,099 1.708 t, O85 5 ° LA3 G fal 
23 0.4070 LoA48& 09065 SykQi 0.715 
ah 0.950 1.225 0.04.5 2 335 04 589 
25 e040 L078 06035 5 e430 Ou517 
26 046030 JoGlO 6696 De 4EG O04 43'7 
27 0.020 O. FL GO O16 FeAl 5 0,346 
28 6.010 06459 0.006 Sel113 Ooxel 


of} 2 we 





— wi 
ei ase 5 ines 


wee tm me 
a ahaa \> somes 
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TEST MO. 5 


Dates 20 March 1954 

Temeerature of Waters: 6145°F. 

Pyreese of Tests Determineticon o¢ optimum longitudinal 
pesition for the « inch stem hydrefoil, 
with «= #7°, enc h = keel gepth, for 
all runs. Ogndetrinc on bows Support 
cevice at stern. 

Details and Lecation of Each Plots 
Runs le5, for val O63 ft. F.s#.P., curve 5 
nuns 6-1 for £#0,03 6 {t. Pre AePes curve & 
ANS 11-15, far L=0,163 ft. F.A.P., curve 7 
Runs 16-25, for 1. 138 f te hrahbePos curve al 

Fach of the Above Gurves will be found in Figure XIV. 


me SED CTS onmpecs, 











og geet 





ee eee ee eee. Md 


A omen 10° 
pplied Total Oy 
Force Speed Resistance at 
tos (ibes) (emote) “(ibss) 70°F, W/VE_ 
Y 04370 2855 Oy 763 7.869 1.372 
a #29912 0,383 7.983 4,399 
3 2a937 Gs593 £050 LsAdl 
Ae? 3,403 Soh27 1.422 
| 2 o HF Qehi3 G.162 10437 
& 3,009 Se4h3 €,058 Leddb 
d 20965 9,403 ¢.i00 Lode 
8 20948 Os. 293 74990 Le4l" 
9 20920 383 Ly <6 1.405 
id 24864 0, 363 7.09 19377 
ll 20848 0.363 7.907 1, 369 
12 2.90 0» 383 $023 1.396 
13 Ze 9?! 0 . 393 §.062 1,410 
LA 2961 05403 8.123 Lede 
15 20988 06413 &.173 1.643 
1é 24989 02413 %.168 10436 
17 2963 02402 Beill Le beh 
18 29938 0.793 8.047 L412 
19 ao9LO Ye 383 79995 1.396 
20 20855 O. 363 7g BE Le 37k 
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TEST NO, 6 


Dates 21 arch 1954 


Temperature of Water: 6355"F. 

Purpose of Test: Determination cf opti longitudinal 
pesition fer the 165 inth stern hydrofoil, 
With @ = +7°F, aio nh = xeel depth, for 
éll runs, Serdcetrict en bow. Support 
cevice at stern. 

Details anc Lecation of each Plots 
Buns 15, for 120.065 ft. F.AsPs, cusve Y 
Runs 6-10, for b#0, G30 ft, AsA.P., cufve 10 
Runs 11-15, for 120.165 ft. F.A.Pe, ewrve 12 
Puns 16~20, 10,126 ftse AcAePsey CuPve 12 

Sasu ot Yes dative Corven ethl Ga Seal ia Plones XIII. 


API ARE 











, 3 
Applied Tote) Cy * 10 

Turi ‘Force Speed Resistanes at 
No. Abs)... Umets) _ (Lbs. ) —— TOPF ivi... 

t 04409 26951 0.393 76995 ae 

2 0.390 20920 0.383 Fo B59 ‘ 

3 0.370 2.895 GO. 363 7.675 (on 
4 O.416 2.960 04403 6.039 

6 0.360 24834 0.393 7.786 1.362 

7 0,370 2.860 %, 363 76864 Le3B7h 

& 0. 390 <o 915 0,363 7985 1.40]. 
9 0.400 20945 0393 $028 1.415 
LO 0.410 2097 A 0.403 6.072 1,429 
Ll Oe415 20 97F5 @.403 &,066 1.430 
12 (5400 teSh7 Oe 393 | 8,015 1,416 
13 0.296 20913 Oe 383 76997 1,400 
Ls 00 370 ao857 0.363 7.882 10373 
15 0. 360 2.826 Oe 353 F832 1.358 
16 0.360 £895 02353 75899 1.346 
i7 0. S70 2 E32 6.363 7 S69 1,361 
1& Os 396 £2889 2. 383 8.083 1.388 
19 0.409 2sPlé GO. 393 SL 37 1.401 
20 9.410 me Fh 0403 84239 1.415 
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TEST Non? 
Eee Rae nk Oe Ge ee A re oe 


Dates 24 March 1954 

Tamoerature of Water? 65e&°F , 

Purpose of Test: Determinetivn of the optimum angle of 
attack for the 1.5 inch stern hydrofoil 
with 190,05 ft. F.ud. Pe, end h = eel depth, 
fer ail runs. candstrios on bow, Supeert 
Gevice et oem, 

Details and Locetivn of Each Plot 
PuRs ley for Oo = O°, curve 13 
Runs 5—@8, for &= 3%, curve 14 
Runs 9-1 fer = 5°, curve 15 
Fuans iZ=15,for%= ~1,18°, curwe 16 

Each of the Above Curves “ili be found in Figure ALLi« 


=B5e 


alied Tetal 

Rut orce Sneed Resistance at 

mon Ypres, Speed. Paplstonce stg ___ VE. 
i Oo 366 iy 687 0.355 To 5ke 1,387 
2 06370 20915 0.363 7 e587 1.404 
3 04390 aoF TO 0. 283 79 706 Lede? 
4 0.406 32005 0.393 7.720 1 odds 

0.400 20978 Oe 93 7898 = Lede 
6 0. 390 20942 0.383 70657 leAld 
7 04370 2&5 0.363 Te The 1.387 
8 0.369 RoB5E Oe 353 70675 1,373 
9 Gy 360 26836 02353 7a 735 1.363 
1d 0» 370 2e86) Oo 263 FeE79 44375 
Bt 04399 2e9lD Os 383 7e9E5 | 16403 
le 0.400 3 e007 Oo 393 Fo 710 le 

13 0. 399 no 9 TS Oe 283 76653 Led3e 
Lé 0.370 20Ge5 0, 363 To53L ly 

15 Oe 380 -o S91 Oo 332 Te 501 1,369 








ve 
aa 4 Os 
ee o* s on 





bates 


Temperature of Waters 


joo 


26 arch i954 


Purpoéee of Teste 


——— 7 





66°F . 


Completion of terts (or detommining the 
optimum angle of atteck Ter the 144 inch 
stern hydrefoil with ! = 0,05 {[t. P.A.P. 
and bh = keel depth, for e11 runse 
Support devide at stern, 


étrips on bow. 
Details and Locaticn o@f Bach Plete 


Runs 1-5, for & m=3,J€°, curve 17. 


Runs 6=9, for 


Applied 
Ru Force 
Mog. .._( bss). 
1 0.360 26895 
x Oe 270 2.910 
3 Do 390 2e975 
4 0.400 3.003 
5 9.379 20915 
6 0, 366 20891 
7 De S70 <o913 
6 0. 390 20966 
Sg Os 400 20989 


~S6~ 





Of teS 16°, curve 16, 
Each of the Above Curves will be found im Iioure XIII. 


POPE PS LS SOY MP A AO, 


Cend- 


Totel Cy x 10° 

bs.) oer. VE 
0.353 7491 14391 
0.363 762) 1,998 
0.583 76686 16430 
0.395 16737 1.443 
9. 563 7,594 1.401 
6.953 7909 1» 389 
0.3263 7605 1.400 
9.383 To 73d L425 
0.393 784 16436 








TEST NO. 9 


fetes 27 Merch 1954 
Tempersture of Waters 66,5°F, 
Purpese of Tests 4. Completion of op timult angle of sttack 
tests fos the 1.5 Lach atearn hydeefoil, 
With 1 @ 0005 ft. P.A.P., % @ ok,18*, 
h = keel Cepthg See fun’ lw as Listed 
below. 
B. Beginaing cf eptinum long tudinal 
sition terts fer the 1.0 inch stern 
yerofcil with h = 1 inch Submergence, 
mo Om —l,18°s see runs 5<<29.4 
Deteiis and Lecaticn ef Eech Plots Mune le4, for 1.5 ineh 
foil, see A. abave, plotted as 
curve 19 in Figure XIII. 


The fellewing runs pertain to the 1,0 inch stern 
hycrefoeils theix curves will be found in Figure XIlL, 


Runs 5-9 for 1 * Gol5 ft. F.ALPL, curve 26 
Auns tocka for 1® 0625 fte F.0.Bey curve 21 
Puns 15-19 for 1 = 0.35 ft F.A,Ps, curve 22 
Runs 20-24 for 1 * 00425 ft. P.A.Pe, Curve 23 
“uns 25 =n9 fox 1s 0,156 ft. FAP os, curve ah 


Model aquipsed with sancstrips on how, with support device 
at sterne 














- 142 
Aap lied Total yt 
Ruri Force Se Resistance 
Nes baa) | ah? — 
‘ Ow hOO 3.011 2 393 
2 0.390 209%6 Oe 385 
3 0.37 20919 0. 363 
4 0, 360 20890 00353 
$ 0. 360 289% Oe 353 
& Gs370 Hag Fe5 0» 363 
4 0.396 BA Ou 38) 
& 0.409 BL O12 De 393 
9 OQ 380 BoF55 00373 
lo CO. 360 £ eGR 06353 
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TEST NO. 9 (continued) 
Dates 27 March 1954 


Applied ic tad 

Force Last Resistence 
a ore ts)  (ibs.) 7 
ll 0.370 Oo 362 
is 0.380 Oo 373 
1] 0.400 02393 
1 0. 360 02359 
16 Oe 3°70 O» 363 
1g 0.385 04376 
19 0.6 48 Oa F93 
a0 0.360 Oe 353 
ai Oe 370 0.363 
ae De 30 6.383 
23 O. 390 0.383 
rT} Qed OD Co 3G3 
25 03 0.383 
ao 32 37G GO. 363 
27 » 380 0.3573 
2& 0. 390 CO. 383 
29 0,499 0.393 
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Dates 26 March 1954 

Temperature of Matec: 66.8°F. 

Purpose of Testt Completion of optimum lenyltudinel 
position testa for the 1.0 inch atem 
hyérofoil with hw 1 iach Subevergenté, 
and We= =2,16°., Gane ttries en bev, 
Support device at ttem. 

Details and Location of Eeeh Plot: 

Runs 1-5 for i = 0,05 Ft. AshigPoy curve 25 
suns 6=10 for 1 0,15 ty /.A.Pe, curve 26 
Rune ll-15 fer 1 © 0.350 tt. Aw.P., curve 27 
Runs 16-19 fer 1 = Gue0 fts FeAcPo, curve 28 
Each of the Above Curves will be found in Figure XII, 


an ae 








yy 6 ates | 


AD 
Totel Cy x iC 
Retistance 


. at ss 
6)... (idee) 70°F. VI 








li O» 360 2y8'?6 O4 353 
lz 0.370 24898 0.363 
13 0.380 24 G25 0.373 

ae £6950 Og 383 
20978 0.393 


£0917 0.353 
2e9L Oe 363 
naP te 0.372 
30902 0.383 
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TERT NO» 1) 


Detes 29 Merch 1954 
Temperature of Waterr 66,8°F, 
Purpese of Teets Determinetivon o the opting angle of 
attack fox the 140 inch stern hy@rofeil 
with 1 = 0520 It. F.eA.Poy and h = 1.0 
ineh wo oe fer ei runs, Send- 
stale on Support device at sterns 
Details and Locatien of Eeech Pheee 
Runs le4, for mw «6.36%, curve 29 
wns Bei, fer &wr O° » curve 30 
Runs 94l12,for = Z® » curve 3) 
——_" L3~ 16 fora 4° curve 32 
Each of the Above Curves will ve found. in Figure XIL. 


iT 








Ce * - 
Apolied a. "t 
Run Force —_ etence 
Noo & _._ ene ts) = lll 10°f. W/V EL 
1 0,260 2 889 0. 35? 7 ane ie 3E6 
z 9.370 20917 0.363 19590 
3 6 590 20962 0.383 Te 163 
4 0.400 a0 F993 G.393 70798 
S 0» 360 20902 0.353 7eL5 
6 Oe 370 20930 04 363 te DRe 
7 O06 390 20980 0. 383 a 
8 0.5400 3.012 05393 7,697 
9 2 360 REIS 06353 7.586 
10 Oo 37D £2598 6.363 Fo 693 
ll 20950 0.383 7,828 
12 20989 04393 Fo 869 
13 2,435 06353 7,817 
L4 22864 3 ¢ 363 7-886 
15 2.917 0, 3€3 6.010 
16 20940 02393 8.086 
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LEST NOs 22 


Dates S April 1954 

Temperatuce of Waters 66,.5°F. 

Purpose of Tests A. Pune 1l=5, hewevaluetion of VOrsus 
VAL at 32 eeot renge of modél with 
sandstrines and hydrefedi euppert device 
enly, The hyerofot2 Support device 
is at 0.40 ft. . fer Pe 

B. Run Onl, Re~#velustion of C. versus 

V//L of adel with tancetrips only, 
at 32 knot range. 
Ca Puns 11«18, Evaluetion ef varying 
the depth of submergence of 
1,0 inch stern hytrotoil, CSandstrips 
on bow, Supeert device at stern, 
Details and Letatisn o! — ey 
curve $39 Figure Als 
fluns 6-38, curve 34, figure IX, 
Runs ea i _ foil ot. 1 0620 Ft. FohoPey 
a = o3.] = keel deoth. Curve 35, Figure XXIT o 
punt LEcAB, { inch foal ae 1 Oce0 ft, F- A.Pes 
“ « ~3e18*, h = 1,0 inch below water line, 
io@c, one chord length. Curve 36, Figure XXII» 


reat ST eee 











. ae 
Apolied Total Sy x 10 
Ret Force Upeed Resistance at - 
Noo Adee) (knets) ibs.) fd V/V L 
L 0.400 3e1ld Fe2l§ 1.49 
zZ 0,330 20994 6.811 le : 
3 04329 2.875 6,735 10382 
4 053 2.927 6,908 lsd? 
5 043 £295 65967 Ledal 
6 0. 300 22652 6.410 1.370 
vi 0,310 22881 O0492 1.3584 
& 9.220 ioe FOE 62590 1.396 
9 Be 330 20936 6,658 1.412 
is 0.390 ne 99a & ,803 1.438 
Li 04350 29 BOs fo ddO 1.376 
12 00 370 2,918 7.681 1402 
13 0. 380 a0 940 7671 1413 
Li OG, 390 20953 7809 1419 
1 0.350 288i Ty 352 L384 
16 0.3570 09 SA Foh55 Le4d 
17 Oe 380 22967 70532 Lefe 
18 0» 390 2 oF92 7.669 1.435 





reese 





TEST Nn 13 
Dates § Aowhi 19754 
Tempereture of Waters G7PF « 
Purpose of Taste Completion of evalurtion of varying 
the depth of submergence of the 
1,0 inch stern hy¢rof¢il., Jaendetrips 
on bom, & rt device at ttern 
Deteils and Locetion of Plot:  fune 16, 140 inch foal 
at 1 = Qul0 ft. FukyPe, & = ~3,18, 
h = 0, 687 inen below water Ling. 
Carve 37, Figure Iie 
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Applied Total Gy x 10° 
cit Resistance at es 
(bs.. Adbes) Fe V/V L 
1 0.359 2.884 0.343 7.342 10386 
2 0.370 937 0.363 7486 Ledll 
3 0,385 2963 Oy 373 7.536 leddd 
4 0.390 2.993 0. 383 7,602 16438 
5 0.360 26907 05353 TehBh 10397 
é 06.240 2.850 05332 7.899 1.370 





TEST NO. 1 


Dates 10 April 1954 
Temperature of Waters 


Purpose of Tests he 


oP 


r, 


68 ,5°F, 


rune 1-5, Re-eveluation of Cy versus 
V/V L at the LS tenet wenge (Sr the 
sended model. Ne hydrefoils or Mydro- 
foil support device ere stteched 1 

the model, 


Rung 6810, Re~evaluytion of C_ versus 
V/V L at the 15 knot range fot the 

sanded model, with stern hydrofoil support 
device attached at 1 = 0.z0 ft. F.A.P, 

No hydrofoils ettached, 


Huns ll-15, Evalustion ef C. versus 
V/V L at the 15 khot renge for the 
1.0 inch stern hydrofoil leceted at 
its optimum potition, 1i.@., 1 = 0.20 
{te PeAePsy KH = 1 inch cubmergence 
ened « & ~3,18°*, 


Runs 16-35, Determinetion of the 
optimum angle cf attack for the 
£09 inch stern hydroroil with 

1 = 0.05 ft. 4.4.P., and h = keel 
Gepth, for all runs. ‘endstrips 
on bow, supsert device at stern. 


Runs_ 36-39, Evaluetion of versus 
V/V L at the 32 knot vange for the 
3.9 inch stern hydrofoil located at 
its optimum position, iv@c, 

1 = 0.175 ft. B.AP., & = 3° and 

h = keel depth, for ail runs. Sand= 
Stries on bow, Suprort device at 
stern, 


Runs_40—44, Evalur tion of CG. versus 
V/VL at the 15 kmot vanes fox the 
3.0 inch stern hycrofsil loceted 

at its optimum positicn, is@s, 

1 = 0,175 €t. Ac&.Pug “ = 3%, ane 
h = keel depth, for ali runs, Sand 
Strips on bow, sepwort device et 
Sterne 


~G— 


1. Jy 


act) ttl ane ol wig 
"t= a sas) 0y thoy 


Ss 
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TEDT NO, 14 (eontinued) 


Dates 10 April i954 


Purmese of Tests Go Whe L5~-49, Evalueticn of C, varsus 
V/V L at the 32 knot range for the 
3,5 inch stern hydrofeil lecated at 
ite optinum pesitinon, ises, 
}. s 0,125 ft. RaheP.. « = ,. 
h = keel depth. 


Details and Location of Rech Blots 


Runs l=-5, curve 38, Figure Ix. 
Fans Ga. 6-10 curve 39, Figure kK. 

Runs li-aé, curve 10, Figure XXIi. 

Runs 16=16, = Of 9 curve 41, Figure XIV, 
Runs 20423, en 2°, curve 48, Figure XIV. 
Runs 2hme2'7» = 5°, curve 43, Fioure KIV. 
Runs £631, oan ae 18°, curve 44, figure XIV. 
‘uns 32-35, Of ss #5 418°, Curve 4D » rigure XIV. 
Runs 36-39, curve 46, Fi igure XIX» 

juns 40—44, curve 47, Figure RAL » 





Runs 4549, curve 46, Figure AIX. 
a = Lo? 
Apolied Total a 
Pat Force Speed Resistance at 
Nos (ibs.) (knots) (ibss) ss 7O°Eg =o EL 
1 0,070 1.316 0oG65 6693 0.632 
S 0.075 1.333 0.678 70a S 0.64. 
3 9.080 1.446 0,075 64430 0.692 
4 5,074 16373 0,069 6.516 0.660 
5 0.078 LARS 0,373 66555 0,697 
6 0.078 1.394 0.073 6.691 0.670 
7 0,080 Lo4Ani 0,075 60614 0,683 
g 3.075 1,365 6.070 6,691 0,656 
9 O.074 1.359 5,069 6.745 0.649 
10 0.070 Lg 301 e068 60847 CehA5 
il 2.2080 1,319 or O75 TolS) 04630 
12 0,085 1 < 305 0,080 %ub49 0,656 
13 0,090 1.418 0.085 7.529 0,68) 
LZ 0.095 LedTE 0,090 72390 09 FOF 
15 0,088 1.401 6.083 To 35a 9,673 
(continued) 
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TEST MD. i4 


10 April 1954 


Wa Ces 


Sea GEGHE 





Appiied 


Ferce 
% 

02370 

0,380 


O» 360. 


Oe 359 
06350 


0.360 
Ou 270 
O» 384 
Go 350 
0.360 


Oa 370 
Go 2EG 


06359 
04 360 


0 370 
94330 
02359 
C369 
G37 
3.360 


Ge 359 
0.360 
06590 
0.410 
Bells 


Ovllo 
OeLlS 
0.118 
O18 
0. 380 


+ 388 
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04363 


Oo 37S 
0.343 

0,353 
0.363 
0.373 
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TEST NO. 15 





> 


Dates ll ApFil 1954 

Temperature of Weters 68.,5°F. 

Purpese of Test; & Bunt lelG, Peteemiyetion of optimum 
longitudinel position fer the 2.6 
inch bow hydredeil «lth *« = O° and 
h = keel depth, tér all runs, Tand- 
Strips on bow, Cupport cevice @t 
Dist 


B. Punt L7+#32, Determinstieon ef the 
entimnum angie of ettack for the 
200 inch bow hydrofoil with | 
1 = O.15 ft, PeF.P., bh *@ keel depth 
fer ell rumty Cendstrips on bow, 
Support device 2t bow, 


C. Runs 33=36, Evaluation ef C | 
V/ Lat the KRot rane for the 
sanded model, with the bow hydrofeil 
wert device attached et 1 = 0,15 ft. 
FeF.P. Mo hydrefoils ettached, 


Details ane Lecation ef Each Plots 





Runs leg, 1 7 Ge20 Ft, TiP.Ps, curve 49. 
Runs Bank 1 0.50 ft. FoF Puy curve 50, 
Runs Qwik L ead 0.10 Ft. FeF aPa, Curve She 
Runs 1316,1 = at F.P, curve 32, 
Runs LF <6 = ~3,18°, curve 532 
Runs dleZ4, Ww = ww), 18°, curve 

Runt 25828, &% = 1%, gurve 54, 
Runs 29632, % = 3%, curve 96, 


All of the above curves will be fawnd in Figure XXIII. 
wan 33—36, curve 57s rigure AEs 





















' al 
miied Total Gp x 20 

Force peed Regis ter at a 

a SO i a ae 
L 0.340 25828 0.233 1. hak 1.359 
2 0, 360 2888 0.383 756549 1,388 
3 0.380 24950 0337? 7639 1.418 
dh 0,400 34012 0,393 Te TN? 16447 
5 06 340 2,812 Os 333 7.545 10352 

(continued) 
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TEST MO. 15 
Li April 1954 


Dates 





(continued) 





Total 


Regis tan Ce 


at 
ii ER Wie, 


ay eo wae 


0.353 
0.373 
Bo 343 
Co333 


02555 


oe 10° 


7.016 
7.706 
70 789 
Tohh7 
40549 


T2664, 
7763 
$032 
8172 
8,318 
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EPPENELA E 


Semple Ceiculntlons 


Mecel DIMBeDD 332 


Gensider Pun 1 of Test 1, conducted on ik Teb. 19542 


Niedel Length, L @® 40333 ft, 

Wetted Surface, & = 2,028 sq.ft, 

Water Temperature = 66°F, 

Fresh Water Raed ty, 7° = 109371 shugs/fte- 

Fresh @eater Kinematic Viscosity, v © 1.1133 x 107? 
ft,“/see, 

Applied Force 0.0100 ibs. 

Speed 9.615 knets er 1,036 ft./swe, 


*Pulley Friction Corresnonding to Goeed 0.0041 lbs, 


* The yn iriction is read from & calibration chart 


1) 


at the M, 
from the 6 lb, Static tension in the towing cobhe, 


T. Towing Tank. It is the frictien arising 





Force acting on the model = (Applied Forc@Pulley Frietiod 


Rup 20,0100 — 0,0041 = 9.9059 Lb. 


Ry 


& « —— me magne mn PROD es ann naan = 2.786 x 10"? 
bps $(1.9371) (2.028) (1.038) ot Gore. 


a 





ot + lek 


AAPL tall BH pe hin muomeey 45 feet 20 L ae Vehdeoe 









(eley det velledtoe? aattegd)* Anban ait me pres sown 
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2) orrection of model totel resistance 
coefiicient to gtandard temperature of 72°F. 


Feynold'ts number et test temperature = Yr w 220382 32 
1,1133x107 
* 4042 x 10° 


Reynold's number at 70*F. ©  « 12535 _ $ 7. 
1,0532 x 107 


= £6265 x 10° 


Using Scheenherr!s fermulstien fer frittianal re- 
Sistance coelficient as tabulated fer virying Reynoldts 
number in reference (12), we obtains 


et of, = qeO42 x 10°, C, = SeB82 x 107? 
ra 


at oR, = 40265 x 10°, Cp = $2225 x 107 
6 


Gorrection to Cy = (5.225 = 54283) x 107? = (~) 6.058 x 107? 


Finelly, at 70°F: 


Cr x (20786 x 1077) = (3.058 % won?) = 2.728 x ewe 


5) Speed Length retio fer run 


Speed Length retio = Vw  eW@aOh? = 0,296 
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£420. ae wettes sugfece used ip 
ory 





Threughout the célculatilons the veiwe of welted sur- 
fece used wat always tret of the macel aniy, nvt the sede] 
pilus that of any &#ttached hydyvoloil, As 4 resull, the 
valugt of GC, obteined are eli highes then would hewe bees 
the case if the added wetted swrface of the toile had 
been intluded, 


Thhe attien ic justifiec on these GFownde, The foil 
is net normally considered part of the modal. Hence, if 
the galculations show that a value of C, is obtained which 
is less than the velue of C, without the foil, Lt is « 
positive indicaticn that the reduction wes due entirely 
to the hydrefoil. The attempt, therefore, is to seep 
medel and hydrofeil separate and distinct in the calsu= 
lations #0 a® tc be sble to peint toward any improvement 
at being dve selely te the edded presence of the hydrofeil, 
There is, eccordingly, a eemmon basis for direct camparison 
of tetel resistance ceefficient with and witheut hydrefeils. 
In reference (5) will be found sdditiowel discussion of 
this pnoint, 
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£PPENDIX F 


Expected Incrmese in Cy at Se Knet Nenge Dus te 


tiydrofoil Vetted Surfage 


As was mentioned im Appendix E, Sanmie Calculations, 
the edditional ewtted surfeee of the hydrofoile wes net 
added to thet of the madel when calculating the valves 
of C. for the various suns. 

Now the resulte of the étern hydrefell anelysie 
indicate thet none =f the five hydrofoilé resulted in 
aC, et the 32 knot Dange which was lewer then the velow 
of C, to be expected without the presence of hydrefoils, 
Aetcordingly, it 1s mot possible to evaluste the weve 
reducing effacts of the hydrotoils unless we first know 
whet wes the effect of the frictional resistence Caused 
by the hydrefeil wetted surface, 

The following calculations were therefore made te 
evaluate these added fricticnal resistance eifects. 
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Cy of sanded made (me stern fall supperct device) 


wo? 
et 32 kmet renee = 64.620 « 16 


Adeded Increment To Cop ceneed by atesm foil turpert 


device = 0.248 x 107? 
Span ef Folle = 5,3™) inches 
Model Wetted Surfece = 2,020 sq, fte 


Foil Wetted Surfecw © (Speer of Feil) x (Wetbeed Perimeter) 







The figures in the far right column ere slotten a4 dashes 
in Figure AX o 


Foil Foil Percent  Lxnected acted 
Wetted Wetted Increane ad due te Cp piss 
Surface Surface in Added 








S45 $5 Wettec Wetted due 
inches) (inches) in, ft, Suxfeee Surface Supsort Rev 
1.0 2y0L 10,71 0.0744 36670 6.870x107° 7 thexee”? 
1,5 315 16.78 O0l164 58735 6990x107? 7,238x2107° 
Zod er! eh 7oL30n107° 1,278x107" 
495 6425 2798 O.1942 57 7240x107? 7, 48hxRO™ 
340 Gel? = «-3ByhS «UABVR LleAse Vis7Onl0™? 7.82810" 











~lOe— 


boteas ewan 600 veer, CA) tures ome A. 
. We 9 WU es os ae 
Same LTE TN V0 Neeeds 5 a) rere tein 
Ad 6 a,0 © nated 


‘ Pn hn ohm bk 


‘se : 














Prediction of Optimum Longitudinsl Positien 
fer 2 inch Bow Hydrofoil at 2.940 Knots 





SENDIZ G 


Predictien of Optinum Longitudinal Pesitien fol 2 inch Bow 
Hy¢rofoll at 2.920 Knots 


By a series of observations of the transverse bow 
wave profile, it was established thet the crest oi the 
first bow wave occurred at a point 12.09 iichese sit of 
the Forward Petpnddiduben. New orevisua investigations 
on bew hydrofeils indicéted that the hydrofoil should be 
lecated ene quarter wave length forwatd of the first bow 
crest. 

Fellowing reference (2) the expreesionts for weve 
Length ares 


J 
A # 0,557 ar 


A= 0,557 V" = 0.557(2.920 « 1,689) 

A*® AT fo 
Ther. 4 os Bg > 1,185 ft, = 14.25 inches 
Finally, recommended position «f bow hydrofell was found 
to bes 


Bebt Pesition = 14.25 = Le,00 = 2.25 in, torwerd of the 
colward perpendiculer. 
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By experiment, the best poettion wen e atebliehed 
as being 1.80 Lnvhce forward ef the Sorvera Perpendistuler, 


therefores 
Error in Prediction @ 20285 ~ 1680 * Oe4. Ineh 

Considering thet visual obsacvetion was employed 
‘to esteblish the pesition of the (iret bow crest, this 
small error is quite seceptable in making o first 
appYoximation to the preper locations 
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APPENDIX H 


Estimate ef the Magnitude of Errwrs 


There were five expetimentally controlled or measured 
variables in this thesis. They are listed below and fer 
each is queted an estimate of the possible errer that may 


have cccurred in their measurement: 


Towing Force 0.9001 lb. 


i+ 


Towing Velocity + 0,001 knot 
Hydrofoil Longitudinal Position + 0.002 ft, 
Mydrefoil Angle of Attack + 0.45 degree 
liygrofoil Depth et Submergence + 0,002 ft. 


The error introduced by the cracking of the model's 
bottem peint is net readily estimated in the menner shown 
abeve. This fact lessens the quantitative value of the 
results; however, the qualitative results suffer abaslutely 
no depreciation because of this situetion. The significant 
results of this thesis are qualitetive in nature and 
accordingly their accuracy is a function of the thoroughness 
ef experimental investigation. By thoroughness is meant 
& rigorous search into all the facets that inflwence the 
performence of a hydrofeil. It is on this besis thet the 


thesis must be objectively viewed, 
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